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Dedicated to my mother, 
who never doubted that I could carry out 
Scientific endeavors, 


even under ‘combat! conditions 


ABSTRACT 


The genetic activity of several anthelmintic drugs that are used 
routinely in oxyuriasis therapy was studied in diploid mitotic recombi- 
nation and gene conversion assays (strains D5 and D7 of Saccharomyces 
cerevistae), and in haploid yeast reversion assays (strains XV185-14C, 
XY718-1A, and 7854-1A). Piperazine citrate, piperazine adipate, meben- 
dazole, thiabendazole, and pyrantel pamoate did not appear to be active 
genetically in yeast. Pyrvinium chloride, pyrvinium iodide, and all of 
the medical grades of pyrvinium pamoate were recombinogenic in strains 
D5 and D7, and mutagenic in strains XV185-14C, XY718-1A, and 7854-1A. 
The degree of genetic activity varied considerably among the medical 
grades of pyrvinium pamoate that were tested. Similarly, these medical 
grades also varied in the degree of mutagenicity when they were tested 
in strains TA98 and TA100 of Salmonella typhimurium but some of the 
medical grades of pyrvinium pamoate were mutagenic in the presence and 
in the absence of the metabolic transformation system, whereas other 
medical grades of the drug required such activation to be mutagenic. 
Monopotassium pamoate was not mutagenic in yeast. Light-catalyzed 
degradation did not enhance the genetic activity of pyrvinium pamoate; 
the degraded samples of pyrvinium pamoate were not mutagenic. 

With the use of a thin-layer chromatographic detection technique, 
samples of pyrvinium pamoate from several sources were found to contain 
different numbers and quantities of impurities. In addition, the medi- 
cal grades and dosage forms of several brands of pyrvinium pamoate were 
analyzed by fluorescence high pressure liquid chromatography to deter- 


mine the relative quantities of the impurities in these pharmaceuticals. 
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In general, there is a correlation between the degree of genetic activ- 
ity and toxicity, and the number and relative quantity of impurities in 
each medical grade of pyrvinium pamoate. 

An investigation of the structural requirements for the mutagenic 
action of pyrvinium salts was carried out with the use of the 6-chloro- 
and 6-methyl-analogs of pyrvinium iodide. The genetic activity of these 
analogs was studied in diploid and haploid yeast in order to gain infor- 
mation about the structural features that are required for the genetic 
activity of pyrvinium. A methyl- or a dimethylamino-substituent at the 
6-position and the cationic site at the methylated ring nitrogen are 
required for mutagenic activity. The cationic site appears to be essen- 
tial. Petites were induced in Saccharomyces cerevisiae (strains D5 and 
N123) with the pyrvinium salts and the analogs. The dipyrvinium salt 
(pyrvinium pamoate) was more efficient than the monopyrvinium salt 
(pyrvinium iodide) and its analogs at inducing petites. The primary 
mechanism of action of these anthelmintic drugs may be the destruction 
of the mitochondrial DNA of helminths. 

The genetic activity of pyrvinium pamoate was also evaluated tn 
vivo, and the drug induced elevated levels of micronuclei in the bone 
marrow cells and nuclear damage in the colon cells of mice. Low levels 
of nuclear aberrations were observed in the colon cells of mice after 
the administration of oral suspensions of pyrvinium pamoate (Vanquin® 


and Pyr-Pam) that are available commercially in Canadian pharmacies. 
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INTRODUCTION 


A heritable change in cell regulation is a characteristic property 
of a cancer cell, and cell regulation can be altered by mutation. Muta- 
genicity assays, which can be performed rapidly only in microbial sys- 
tems, are used to identify potential mutagens. One of the first, and 
the most frequently used, of the short-term mutagenicity assays utilized 
the enteric bacterium Salmonella typhimurtum (Ames, 1971; Ames et al., 
1972). Each strain in the Salmonella typhimurium tester series contains 
a different type of mutation in the histidine operon; the histidine 
Operon has a cluster of 9 genetic loci. HzsG encodes the enzyme phospho- 
ribosyladenosine triphosphate pyrophosphorylase, which mediates the 
production of phosphoribosyladenosine triphosphate from adenosine tri- 
phosphate and phosphoribosylpyrophosphate; this is the first step in 
histidine biosynthesis. HzsD is the structural gene for the enzyme 
histidinol dehydrogenase, which converts L-histidinol to L-histidine. 

The missense mutation AtsG46 in strain TA100 results in the substi- 
tution of proline Pe in place of leucine Ceer and this has been 
determined by DNA sequence analysis (Barnes et al., 1982). The ktsD3052 
mutation in strain TA98 is a -l base-pair deletion (Isono and Yourno, 
1974). The site of this frameshift mutation is near a series of alter- 
nating guanine and cytosine residues with the sequence ces ade This 
strain usually reverts by -2 base-pair deletions, which restore the 
reading frame. The reversion to dist in these strains of Salmonella 
typhimurtum can occur at the locus (the site of the original mutation) 
or at a suppressor (Walker, 1982). 

Salmonella typhimurium has a lipopolysaccharide coat that is rela- 
tively impermeable, particularly to compounds of high molecular weight, 


in the wild-type bacterium. The rfa mutation, or "deep rough" character, 
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causes a partial loss of the lipopolysaccharide surface of the bacterial 
membrane and this facilitates the entry of large molecules that normally 
do not penetrate the cell wall (Maron and Ames, 1983). The tester 
strains have a defective lipopolysaccharide core, in which the proximal 
and distal heptoses are not present, and this is a result of a mutation 
that involves the rfaEF and rfaF loci (Ames et al., 1973b). The bacter- 
ial tester strains also contain a mutation that eliminates the accurate 
repair of. lesions in the DNA, and this enhances the sensitivity of the 
test. The mutation (AwvrB) is a deletion of the gene that encodes an 
endonuclease that is involved in excision repair. This endonuclease 
recognizes lesions that distort the DNA helix and the absence of the 
enzyme results in the cere mutagenic repair of these lesions 
(Walker, 1982; Maron and Ames, 1983). The deletion (AuwvrB) extends 
through the biotin operon, thus the tester strains have a nutritional 
requirement for biotin. 

Bacterial cells that harbor the pKM101 plasmid are more susceptible 
to frameshift and base-substitution mutagenesis. The plasmid-containing 
cells appear to have an increased ability to undertake the error-prone 
repair of DNA lesions. The pKM101 plasmid contains the bZa gene, which 
encodes the enzyme g-lactamase. This enzyme is responsible for the 
antibiotic resistance to ampicillin and other penicillins with a lactam 
ring system. This plasmid also contains the muc genes, which are be- 
lieved to encode an endonuclease that is active on single- and double- 
stranded DNA (Langer et al., 1981). The pKM101 plasmid confers in- 
creased susceptibility to UV and chemical mutagenesis, resulting in 
increased frequencies of transitions and transversions. This plasmid 


appears to encode proteins that are involved in error-prone repair 
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(Walker, 1982). Analyses of the mechanism by which the pKM101 plasmid 
enhances mutagenic repair have been carried out in Escherichia colt. 

The plasmid encodes the mucA and mucB genes (muc is an acronym for 
mutagenesis: UV and chemical), which are analogs of the chromosomal 
genes wnuwD and wnuC (wmu is an acronym for UV mutable). These chromo- 
somal genes are required for UV and chemical mutagenesis (Walker, 1984). 
DNA damage induces the expression of both the mucA/B and wnuD/C loci. 
Strains TA98 and TA100 of Salmonella typhtmurtum carry the pKM101 
plasmid, which enhances the capacity for mutagenic repair and, when 
coupled with the reduction in the function of the excision repair system 
(AuvrB), produces tester strains that are sensitive to a wide array of 
mutagens. 

The bacterial tester strains are useful in determining the mechan- 
isms of mutagenesis of chemicals. A difficulty that arose with these 
assays was that bacteria do not have the enzymes that are involved in 
the metabolism of drugs in mammals, therefore liver microsomes were 
added to the bacteria, tn vitro, to detect mutagenic metabolites (Ames 
et al., 1973a). The prototype for the metabolic activation of chemical 
carcinogens is 2-acetylaminofluorene (Figure 1). This aromatic amine is 
a carcinogen and it induces tumors in all animal species that have been 
tested except the guinea pig, which cannot convert 2-acetylaminofluorene 
into the active metabolite (Bates, 1977). 2-Acetylaminofluorene is 
metabolized to W-hydroxy-2-acetylaminofluorene by hepatic enzymes 
(Cramer et al., 1960) and this metabolite is converted into the ultimate 
carcinogen, 2-acetylaminofluorene-d-sulfate, by sulfate conjugation in 
the liver (DeBaun et al., 1970a,b; Weisburger et az., 1972). The ulti- 


mate carcinogen, 2-acetylaminofluorene-W-sulfate, was demonstrated to be 
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a mutagen in Bactllus subttlis, but 2-acetylaminofluorene and its W- 
hydroxylated metabolite were not mutagenic (Maher et al., 1968); this 
assay did not include the addition of mammalian enzymes. In Salmonella 
typhtmurtum, 2-acetylaminofluorene and W-hydroxy-2-acetylaminofluorene 
were not mutagenic unless liver microsomes were added (Ames et al., 
1972; McCann et al., 1975). Electrophilic metabolites such as 2-acetyl- 
aminofluorene--sulfate appear to be the active forms of most chemical 
carcinogens and many chemical mutagens. These electrophilic reactants 
combine covalently with nucleophiles in DNA, RNA, and proteins. The 
cellular target of mutagens is the DNA. 

Tissue homogenates from mammals, usually rodents, provide the 
metabolism in the bacterial assays. This tm vttro activation complex” 
requires an NADPH-generating system plus an extract of liver microsomes 
(the S9 fraction). For maximum enzymatic activity, the mammalian liver 
microsomes must be induced with aromatic hydrocarbons such as Aroclor 
1254, which is a mixture of Pee enon in ted biphenyls. The standard- 
ized method for the preparation of tissue homogenates, as described by 
Maron and Ames (1983), involves the administration of an enzyme inducer 
(200 mg of Aroclor 1254/ml of corn 011) to male Sprague-Dawley rats by 
a single, intraperitoneal injection. The rats are killed by cervical 
dislocation 5 days after the injection, the desired tissue (usually the 
liver) is homogenized, and the homogenate is centrifuged at 9000 g for 
10 minutes. The supernatant (S9 fraction), which contains the micro- 
somal enzymes, is decanted, frozen immediately, and stored at -80°C. 

Most xenobiotics undergo oxygenation (Phase I metabolism) and con- 
jugation (Phase II metabolism) to produce polar metabolites that are 


sufficiently water-soluble for renal excretion. Polysubstrate mono- 
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oxygenases are Phase I enzymes that metabolize most carcinogens and 
mutagens; cytochrome P-450 is a membrane-bound, multicomponent enzyme 
system that requires molecular oxygen and NADPH, 

The yeast Saccharomyces cerevistae is an ideal organism for study- 
ing the effects of mutagens and carcinogens since it is able to activate 
promutagens via its cytochrome P-450 system (Callen and Philpot, 1977; 
Callen, 1978). Yeast has a true nucleus, 17 chromosomes (Mortimer and 
Schild, 1981), introns, and mitochondria. As a result of the haploid 
and diploid cell cycles, yeast can be representative of prokaryotes 
(bacteria) and higher eukaryotes (animals) in many respects. An addi- 
tional advantage is that the diploid cell can undergo meiosis. 

In order to detect as many different types of mutational lesions 
as possible, mutant alleles of various genes in several metabolic path- 
ways were assembled in one strain of Saccharomyces cerevitstae. Strain 
XV185-14C (constructed by S-K. Quah and R.C. von Borstel; cited in von 
Borstel, 1981) has the genotype 

a ade2-1 arg4-17 lys1-1 trp5-48 his1-7 hom3-10. 
ADE2 (on linkage group 15R) encodes phosphoribosylaminoimidazole car- 
boxylase, which is involved in purine metabolism; ARG4 (on linkage group 
8R) encodes L-argininosuccinate lyase, which cleaves L-argininosuccinate 
to produce L-arginine; ZYS7 (on linkage group 9R) encodes saccharopine 
dehydrogenase, which mediates the oxidation of saccharopine, with the 
release of a-ketoglutarate, to yield L-lysine; TRP5 (on linkage group 
7L) encodes tryptophan synthase, which mediates the condensation of 
L-serine with indole-3-glycerol phosphate, with the release of glycer- 
aldehyde-3-phosphate, to produce L-tryptophan; HIS1 (on linkage group 


5R) encodes ATP-phosphoribosyltransferase, which is involved in the 
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condensation of the ribosylphosphate moiety of phosphoribosy]pyro- 
phosphate onto ATP to yield phosphoribosy1-ATP; HOM3 (on linkage group 
5R) encodes L-aspartate kinase, which mediates the reaction between 
L-aspartate and ATP to produce g-aspartylphosphate. The oms-10 mutant 
requires L-homoserine or both L-methionine and L-threonine because of the 
existence of a common pathway, via homoserine, for the biosynthesis of 
these amino acids. 

Strain XV185-14C was constructed specifically to encompass the 
features of several mutant alleles: ade2-1, arg4-17, lysi-1, and trpd-48 
are suppressible, chain-terminating mutants, kisi-7 is a missense mutant 
that is not suppressible by external suppressors, and hom3-10 is believed 
to be a frameshift mutant. 

The chain-terminating mutants are known to be of the ocher (UAA) 
type. This has been determined by back-translation from amino acid | 
sequences of revertant iso-cytochrome @ (Gilmore et al., 1971) and by 
noting the efficient reading, in vttro, of an ocher nonsense codon con- 
tained in a messenger RNA (Gesteland et aZ., 1976). The DNA of an ocher 
nonsense suppressor, SUP4-0, was sequenced (Goodman et aZ., 1977) and 
the mutant site was found to be at the wobble position of a tRNAY™. 

This provided the biochemical evidence that confirmed the genetic argu- 
ment for the association of yeast nonsense suppressors with mutant 
tRNAs, which was put forward by Magni et al. (1966). The mutant site 
that was-identified by Goodman et aZ. (1977) had a thymine in place of 
guanine, and this suggests that the base in the wobble position, which 
was responsible for the ocher-suppressing phenotype, was a modified 
pyrimidine such as a 2-thio-5-carboxymethyluridine derivative or a 


5-carboxymethyluridine (Sherman, 1982). From the considerations that 
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have been outlined, the types of revertants of ade2-1, arg4-17, and 
lys1-1 can be deduced: the 5'-UAA-3' ocher nonsense codon could revert 
to either 5'-UAU-3' or 5'-UAC-3', both of which are tyrosine codons, and 
the anticodon of the tRNA!’~ would mutate from 5'-GyA-3' to 5'-ZvA-3', 
where Z is the unknown modified uridine and ¥ is pseudouridine. There- 
fore, reversions at the locus comprise AT>TA and AT+CG transversions 
(von Borstel et aZ., 1973), whereas reversions in the anticodon of the 
suppressor tRNA?’ are GC+TA transversions. 

The missense mutant fitsi-7 has a spontaneous reversion rate that is 
nearly the same as the forward spontaneous mutation rate from canavanine 
sensitivity to resistance (Gottlieb and von Borstel, 1976). Most of the 
reversions occur by second-site mutations in the HISZ locus (Lax and 
Fogel, 1978). The reversion of kts1-7 by intragenic missense suppres- 
sion is also evident from the phenotypic heterogeneity of the rever- 
tants, since many of them are feeder colonies. Missense mutants are 
believed to arise by base-substitution mutations. The Atsi-7 mutant is 
osmotically remediable by 1 M KCl when grown at 18°C, but not at 25°C 
or 33°C (Hawthorne and Friis, 1964); the A¢zsi-7 mutant has the same 
spontaneous reversion rate during mitosis and meiosis (S. Fogel and 
D.D. Hurst, unpublished data); and Ats1-7 is highly revertible with 
ethylmethane sulfonate (Shahin and von Borstel, 1978), which primarily 
induces transitions in phage T4 (Krieg, 1963) and in Neurospora crassa 
(Malling and de Serres, 1968). In yeast, w#zs1-7 is also reverted by 
the mutator mut7,8, which appears to induce preferentially AT+TA and 
AT+CG transversions (D.S. Bendiak and J.M. Tyler, unpublished data). 

The evidence, when compiled, indicates that iZzs1-7 1s a missense mutant 


that can revert by transitions or transversions. 
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The hom3-10 mutant was postulated to be a frameshift mutant because 
its spontaneous reversion rate during meiosis is about 30X higher than 
during mitosis (Magni, 1969). In addition, hom3-10 responds to frame- 
shift suppressors (G. Lucchini Bonomini and G.E. Magni, unpublished data). 

Strains XY718-1A (genotype a Ats4-519 Leu2-3) and 7854-1A (genotype 
a his4-38 leu2-3) are particularly useful for detecting the specificity 
of frameshift mutagens. #HZS4 (on linkage group 3L) encodes a trifunc- 
tional polypeptide: AIS4A, phosphoribosyl-AMP cyclohydrolase; HIS4B, 
phosphoribosyl-ATP pyrophosphohydrolase; and HIS4C, histidinol dehydro- 
genase. The mutations mapped to the HIS4A region and are designated as 
his4A-519 and his4A-38 (Culbertson et al., 1977). Lz#U2 (on linkage 
group 3L) encodes 8-isopropylmalate dehydrogenase, which converts 
8-isopropylmalate to a-ketoisocaproate. 

The frameshift mutants hts44-519, his44-38, and leu2-3 were induced 
by mutagenesis with ICR-170, which is an acridine half-mustard (Culbert- 
son et al., 1977). All 3 mutants have +1 base-pair (G°C) additions in 
regions of DNA with multiple G:C base pairs, and these frameshift muta- 
tions can be suppressed by frameshift suppressors that recognize 4-base 
glycine codons (Donahue et aZ., 1981, 1982). The concomitant reversion 
to a HistLeut phenotype occurs by the induction of external frameshift 


Suppressors (Culbertson et al., 1977, 1980), and altered tRNAs (tRNAS TY 


and LIN ein 


mediate frameshift suppression by reading these 4-base 
codons (Donahue et aZ., 1981). 
Diploid strains of Saecharomyces cerevistae are used to detect the 


genetic activity of mutagens via chromosome breakage that leads to mi- 
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(Zimmermann, 1973; Zimmermann et al., 1975). The designations a and «a 
represent complementary mating-type alleles; trpi-1 (on linkage group 
4R) is an amber (UAG) nonsense mutant that terminates the production of 
phosphoribosylanthranilate isomerase; MAZ1 (on linkage group 7R) and 
MAL4 (on linkage group 11R) are characterized by constitutive maltose 
fermentation, and the gene products are believed to be involved in the 
regulation of a-glucosidase synthesis. 

ILV1 (on linkage group 5R) encodes threonine deaminase, which medi- 
ates the deamination of threonine to yield a-ketobutyrate in the first 
Step of isoleucine biosynthesis; the tZv1-92 mutant is used for detect- 
ing the induction of reverse mutations. Strain D7 is heteroallelic for 
the noncomplementing alleles trpé-12 and trp5-27, and prototrophs can 
arise by reciprocal intragenic recombination or by nonreciprocal mitotic 
recombination (referred to as gene conversion), which are indistinguish- 
able phenotypically. For practical purposes, Zimmermann et al. (1984) 
Suggest that the generation of tryptophan prototrophs should be referred 
to aS gene conversion. 

Strains D5 and D7 are heteroallelic for two complementing mutations 
of the ADE2 locus: an allele with a red phenotype and an absolute 
requirement for adenine, ade2-40, and a slightly leaky allele with a 
pink phenotype, ade2-119. The red pigment that accumulates in ade2 
mutants results from the polymerization of phosphoribosylaminoimidazole, 
which is the substrate for the gene product of the ADE2 locus. When the 
ade2-40 and ade2-119 alleles are present in the same diploid strain, 
they complement each other and, as a result, white colonies are formed. 

A mitotic crossover event between the centromere and the ade2 locus 


results in the formation of a twin-spot, which is a colony with red and 
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pink sectors. An entirely red or an entirely pink colony can arise when 
mitotic gene conversion, mutation, or nondisjunction has taken place. 
Other aberrant colonies, such as those with red-pink-white, red-white, 
Or pink-white phenotypes may be produced when mitotic recombination, 
mitotic gene conversion, mutation, or nondisjunction has taken place in 
one of two or more cells together in a cluster at the time of mutageni- 
zation. 

The information on the gene products that are encoded by the various 
genetic loci, and the biosynthetic and metabolic pathways, of the yeast 
Saecharomyces cerevistae has been obtained from the data that was com- 
piled by Plischke et aZ. (1976), and by Jones and Fink (1982). 

Just as the tn vttro activation system that is used with Salmonella 
typhimurtum does not contain the particular enzymes or cofactors that 
are required for all of the possible activations that would take place 
tn vtvo, yeast cannot carry out the entire spectrum of drug metabolism 
that would be expected in mammals , in vtvo. The susceptibility of a 
tissue to a particular carcinogen or mutagen may be determined by the 
type of metabolizing enzymes that are present in that tissue. The 
differences in the activating capabilities of S9 fractions from differ- 
ent tissues, as well as from different species, attest to this tissue 
specificity (Haroun and Ames, 1981). 

Carcinogens that are difficult to identify in microbial systems 
are those that are unique to animals. For example, the action of hor- 
mones or analogs of hormones (i.e., diethylstilbestrol), are unique to 
animals as they must interact with specific receptors, and this results 
in more stringent structure-activity relationships than those for an 


interaction of an electrophilic reactant with DNA. 
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It is not possible for one assay to detect every mutagen or carcin- 
ogen, therefore it is desirable to use a battery of tests that includes 
bacteria, yeast, mammalian cells in culture, and animals. Generally, 
the results that are obtained with yeast are indicative of those that 
might be obtained with mammalian cells in culture. In fact, yeast is 
preferable because a yeast cell is a single organism, whereas tissue 
cultures exist in an environment that is removed from the influences of 
adjacent tissues and organs that are present in live animals. As a 
result of the artificial environment of mammalian cells in culture, 
tissue cultures are prone to the generation of artefacts and this must 


be taken into account when mutagens and carcinogens are being evaluated. 
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STATEMENT OF THE PROBLEM 


It has been established that pyrvinium pamoate (Figure 2) is a 
mutagen in bacteria. This anthelmintic drug induces frameshift and 
base-substitution mutations in Salmonella typhimurium, but only when 
the metabolic activation system (the S9 microsomal fraction of mammalian 
liver) is added to the assay (MacPhee and Podger, 1977). Since pyrvin- 
ium pamoate is not absorbed appreciably from the gastrointestinal tract 
(Rollo, 1980), it cannot reach the liver, where the metabolism of pro- 
mutagens to mutagens takes place. Thus, it is believed that the muta- 
genic effects of this drug on mammals are negligible. 

The mutagenicity of pyrvinium pamoate in bacteria was considered 
to be of sufficient importance to examine the drug in a microbial assay 
that could detect chromosome breakage, as well as frameshift and 
reverse mutations. The yeast Saccharomyces cerevistae, which is capable 
of activating promutagens into mutagens via its cytochrome P-450 system 
(Callen and Philpot, 1977; Callen, 1978), is an ideal organism for 
Studying the genetic activity of chemicals. Pyrvinium pamoate induced 
frameshift and base-substitution mutations in haploid yeast, confirming 
the results that were obtained with the bacterial assay, and the drug 
also induced chromosome breakage in diploid yeast. 

The medical grades of pyrvinium pamoate that are marketed in 
Mexico, and one medical grade that is marketed in Canada, are mutagenic 
in Salmonella typhimurtum in the absence of the metabolic transforma- 
tion system (Cortinas de Nava et al., 1983; Hennig et al., 1984). The 
enhanced genetic activity of these medical grades was thought to be due 


to the presence of one or more impurities. This required an evaluation 
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of the chemical purity of the medical grades of pyrvinium pamoate that 
are used to formulate the dosage forms of the drug. Also, the identi- 
fication and quantification of the mutagenic impurities were of impor- 
tance. Mutagenic impurities have been reported for other chemicals 
(McCann and Ames, 1977). 

Due to the existence of medical grades of pyrvinium pamoate that 
do not require metabolic activation to be mutagenic (Cortinas de Nava 
et al., 1983; Hennig et al., 1984), it was essential to study pyrvinium 
pamoate more closely for its molecular action, its effect on cell 
organelles, and its activity in mammalian cells tm vivo. Chromosome 
breakage in yeast is an indication that pyrvinium pamoate may also 
damage the genetic material of mammalian cells. In comparison to the 
other anthelmintic drugs that are available, pyrvinium pamoate, which 
is an over-the-counter product, has the fewest side effects. In chil- 
dren, pyrvinium pamoate is the mainstay of oxyuriasis therapy, thus it 
was imperative to analyze this drug for potentially harmful effects. 

Pyrvinium pamoate was not active genetically in mammalian cells in 
culture (Lake and de la Iglesia, 1981), and mammalian (human and mouse) 
urine samples that were taken after oral doses of the drug were not 
mutagenic in Salmonella typhimurtum (Lake and de la Iglesia, 1981; 
Cortinas de Nava et al., 1983). Although these results suggested that 
the drug was not harmful, it was important to evaluate pyrvinium pamo- 
ate tn vtvo in mammalian assays that reflect both the metabolism and 
the tissue specificity that this anthelmintic drug would undergo in 
humans . 

The 'shotgun' treatment of mice, by intraperitoneal injection 


rather than by oral intubation, with pyrvinium pamoate and other drugs 
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in the bone marrow assay is carried out to gain an immediate response 
or answer as to whether or not a drug is active genetically in mammals. 
Aside from being a valid procedure for examining the genetic effect of 
monopyrvinium salts, which are absorbed systemically, the results of a 
‘shotgun’ treatment can provide enough information to facilitate the 
design of future animal experiments. Experimentation with animals is 
usually undertaken only when there is a reasonable expectation that the 
results will lead to an improvement in the health and welfare of people. 
The results of experiments using pyrvinium pamoate in live animals 
appeared to validate the results that were obtained with the bacterial 
and yeast assays. This is essential since the use of reliable microbial 
systems minimizes the requirement for the use of large numbers of 
animals in validation experiments. 

Microbial systems, even with the concomitant use of the tn vittro 
liver homogenate, cannot be a substitute for the absorption, distribu- 
tion, metabolism, and eae neste occurs in animals. An important 
example is the analgesic drug phenacetin, which is metabolized to the 
ultimate carcinogen/mutagen via conjugation that is mediated by sulfo- 
transferases. Most mammals do not utilize sulfate conjugation as a 
primary mechanism in Phase II metabolism, however, if high doses of 
phenacetin are given chronically, sulfotransferases are induced and 
undertake a large proportion of the conjugation reactions. Hamsters 
utilize sulfate conjugation as a primary method of metabolism, thus 
phenacetin is mutagenic in Salmonella typhtmurtum when hamster S9, not 
rat S9, is added (Weinstein et al., 1981). 

An examination of analogs and the probable metabolites of a poten- 


tial carcinogen such as pyrvinium pamoate is important because the 
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mutagenic properties of most chemical mutagens are related to their 
electrophilic reactivity, which is associated with specific functional 
groups. The 6-dimethylamino-substituent of pyrvinium pamoate (see 
Figure 2) is a potential site for the conversion to an electrophilic 
metabolite. 

The mutagenic potencies of chemicals in bacteria and yeast may 
parallel their carcinogenic potencies in mammals. According to McCann 
and Ames (1977), 90% (157/175) of the carcinogens that have been tested 
in Salmonella typhtmurtiwn were mutagenic, and 87% (94/108) of the non- 
carcinogens were nonmutagenic. This indicates that the Salmonella/- 
microsome test has an accuracy of approximately 90% in the detection of 
carcinogens as mutagens. An accuracy of 90% for this bacterial assay 
Suggests that the results of a combination of bacterial, yeast, and 
animal studies can be extrapolated to humans to predict the toxicity of 


a drug such as pyrvinium pamoate with an acceptable degree of certainty. 
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FIGURE 1. 
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2-aminofluorene (MW 181.22) 


re 
HNCCH, 


OCH,CH, 


phenacetin (MW 179.21) 


The prototypes for the metabolic activation of chemical 
carcinogens in mammals are 2-aminofluorene, its metabo- 
lite 2-acetylaminofluorene, and the analgesic drug 
phenacetin. 
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FIGURE 2. The structure of the dipyrvinium salt, pyrvinium pamoate 
(MW 1151.44). Pyrvinium chloride (MW 417.99) and 
pyrvinium iodide (MW 509.45) are monopyrvinium salts. 
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REFERENCE STANDARDS AND DOSAGE FORMS 


The USP reference standard of pyrvinium pamoate (lot F2) was 
purchased from the Drug Standards Division (US Pharmacopeial Convention, 
Incorporated), the medical grades of pyrvinium pamoate were supplied by 
Parke-Davis Canada Incorporated, Charles E. Frosst & Company, ICN 
Canada Limited, and Laboratorios Columbia. Vanquin” (Parke-Davis 
Canada Incorporated) , Pamovin’ (Charles E. Frosst & Company), and Pyr- 
Pam’ (ICN Canada Limited) were provided by the manufacturers of these 
products. The labeled strengths of the dosage forms are 75 mg pyrvin- 
jum pamoate/tablet (equivalent to 50 mg of pyrvinium base) and 15 mg 
pyrvinium pamoate/ml suspension (equivalent to 10 mg of pyrvinium base). 

Original samples of pyrvinium chloride (Parke-Davis Canada Incor- 
porated) and pyrvinium iodide (Delmar Chemicals, Montreal) were gifts 
from H.D. Beckstead (Drug Identification Laboratory, Health and Welfare 
Canada); these salts of aoe eom are manufactured no longer. 2-Acetyl- 
aminofluorene, pyrvinium pamoate, pyrvinium iodide, and the 6-chloro- 
and 6-methyl-analogs of pyrvinium iodide were custom-synthesized by 
Lancaster Synthesis Limited (Eastgate, White Lund, Morecambe, Lanca- 
shire, England); this company guarantees the purity of its products to 
oor Ons. 

Monopotassium pamoate, cyclophosphamide, ethidium bromide, 
7,12-dimethylbenz[a]Janthracene, and 1,2-dimethylhydrazine-2HCl were 
purchased from the Sigma Chemical Company (Saint Louis, Missouri, 


US Ar). 
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REAGENTS AND CHEMICALS 


All chemicals and reagents employed in the experimental procedures 
were either A.C.S. or reagent grade in quality, unless specified other- 
wise. Double-distilled, deionized water (Milli Oe water purification 
system from Millipore) was used in the preparation of all media, buffers, 
and solutions. 

Mechanical top-loading balances (Sartorius) were used for weighing 
large quantities of ingredients in the preparation of buffers and media; 
electronic top-loading analytical balances (Mettler AC100 and AE163) 
were used for weighing small quantities of amino acids, drugs, and 


reference standards. 
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PROCEDURES 


A. Analytical Methods 
Monopotassium pamoate, pyrvinium chloride, pyrvinium iodide, the 
USP reference standard of pyrvinium pamoate, and a light-degraded sample 


of pyrvinium pamoate were examined for purity by TLC and HPLC. 


1. Thin-Layer Chromatography 

The USP reference standard of pyrvinium pamoate, medical grades I 
and II (each from a different manufacturer) of pyrvinium pamoate, a 
sample of medical grade I of pyrvinium pamoate (dissolved in methanol) 
that had been exposed to room and window light for 9 months, and mono- 
potassium pamoate were analyzed by the TLC method developed by Beckstead 


and Smith (1967). 


a. Qualitative Thin-Layer Chromatography 

Eastman Chromagram Sheets were spotted with 10-yl aliquots of 
each sample solution, the spots not exceeding 2 mm in diameter; 
each sample had been dissolved in methoxyethanol to a final concen- 
tration of approximately 1 mg/ml. These chromatographic sheets 
(20 cm x 20 cm) are precoated with silica gel adsorbent containing 
a fluorescent indicator. The adsorbent coating of 100-um thickness 
is on an inert, flexible poly(ethyleneterephthalate) support of 
200-um thickness; polyacrylic acid has been added as a binder and 
the fluorescent indicator is lead-manganese-activated calcium 
Silicate: 

The chromatographic sheets were developed, in the dark, for 


2 hours in an Eastman Chromagram Developing Apparatus that 
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contained chloroform:ethanol (7:3) as the developing solvent 
system. The developed chromatographic sheets were air-dried and 
examined under long-wave (354-nm), ultraviolet light; the visual- 
ized spots were marked and their R¢ values were calculated by the 
conventional formula 

rp, = distance traveled by solute 

distance traveled by solvent 

Preparative Thin-Layer Chromatography 

Glass plates (20 cm x 20 cm) were coated with a layer of 
Silica gel of 500-um thickness (a slurry of 50 g silica gel G, 
DF-5 [Camag] mixed with 90-100 ml of distilled water). The TLC 
plates were air-dried and activated at 100°C for 1 hour before 
use. A 2-ml volume of a stock solution of medical grade I of 
pyrvinium pamoate (1 mg/ml of methoxyethanol) was applied, in a 
5-mm bandwidth, about 2 cm from the bottom of each TLC plate. 

The plates were developed, in the dark, for 4-5 hours in 
chloroform:ethanol (7:3). Preparative TLC plates of 500-um thick- 
ness that have been loaded with such a large quantity of sample 
require more time to separate than TLC plates of 100-um thickness 
that have been spotted with 10 ul of sample. The separation in 
the preparative TLC was not as well-defined as in the qualitative 
TLC plates and, therefore, tailing and contamination among the 
various sections was expected. 

The developed, preparative TLC plates were divided into 
sections corresponding to the separations observed in the quali- 
tative TLC procedure; the Mc neaat these sections of silica 


gel were extracted with methanol and the supernatants were 
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concentrated by the removal of the solvent. The residues were 
reconstituted in 15 ml of methanol and centrifuged (Servall 
refrigerated-automatic centrifuge) for 10 minutes at 15°C but this 
resulted in the retention of the pyrvinium pamoate by the silica 
gelia he hightatfinity of thas drug for the silica gel made it 
difficult to extract this layer further, yet a speed of at least 
1500 rpm was required to ensure an extract solution free of silica 
gel. Qualitative TLC analyses of the methanol extracts confirmed 
the expected contamination among the various sections of the pre- 


parative TLC plates. 


2. High Pressure Liquid Chromatography 

The high affinity of pyrvinium pamoate for silica gel precluded 
the use of a normal-phase chromatographic column in the HPLC studies. 

In reversed-phase TLC, the silica gel is coated with dichloromethy]- 
Silane and, with this modification, the R¢ values of nonpolar compounds 
will increase as the lipophilicity of the solvent is increased; with 
the use of a polar solvent, nonpolar compounds are expected to remain 
at the origin. This principle of reversed-phase TLC is directly trans- 
ferable to HPLC and, therefore, separations can be achieved using tne 
greater speed and efficiency of HPLC. 

Reversed-phase HPLC involves the use of a nonpolar (hydrophobic) 
stationary phase rather than the polar (hydrophilic) stationary phases 
utilized in normal-phase HPLC; a hydrocarbon stationary phase is usually 
employed and the polarity of the mobile phase is chosen according to the 
particular properties of the compound under investigation. The elution 


of compounds from a reversed-phase column occurs in the order of 
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decreasing polarity, with the most polar compound eluting first and 

continuing in sequence until the least polar substance has been eluted. 
In view of the difficulties inherent in the use of silica gel as 

a stationary phase in the TLC analyses of pyrvinium pamoate, reversed- 

phase HPLC was the method of choice for the separation of the components 


of pyrvinium pamoate. 


The analytical column (uBondapak Cig) was 30 cm in length, 
with an inside diameter of 3.9 mm and an average particle size of 
10 um. This reversed-phase column consisted of a monomolecular 
layer of organosilane, bonded permanently to a pellicular silica 


packing. 


\ ! | 
-Si-0H + -Si-(CH2)a7CHs + -Si-0-Si~ (CHa )27CH: 


SILICA  OCTADECYLSILANE uBondapak Cis 


Db. Instrumentation 

Reversed-phase HPLC was performed utilizing a high pressure 
liquid chromatograph (Waters ALC 202/401) equipped with a solvent 
delivery system (Model-6000A) and an injection system (U6K Uni- 
versal Injector). The absorbance of the column eluent was 
measured with a photometric, fixed-wavelength (254 nm) detector 
and the fluorescent intensity of the column eluent was monitored 
continuously (Schoeffel FS 970 LC fluorometer); the absorbance 
and relative fluorescence were recorded (Fisher Recordall Series 


5000 recorder with an input range of 1-10 mV). 
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Chromatographic Conditions 

The fluorometer was equipped with an entrance filter (Corning 
7-59, range 300-480 nm) and a 389-nm emission filter (range 375-405 
nm); the excitation wavelength was set at 355 nm and the range and 
sensitivity were maintained at 1.0 pA and 4.00, respectively. The 
sensitivity of the UV detector was set at an absorbance of 0.16, 
full scale (a range of 16). The most efficient chromatographic 
solvent system was methanol:water (90:10), the solvent flow rate 
was 0.5 ml/min at an inlet pressure of 2500 psig, and the chart 
Speed was set at 0.5 cm/min. 

Monopotassium pamoate and selected samples of pyrvinium 
pamoate were analyzed by reversed-phase HPLC using various solvents 
and combinations of solvents. Methanol and acetonitrile provided 
the best eluting capacity and, due to the limited solubility of 
pyrvinium pamoate in predominantly aqueous solvents, high percent- 
ages of these powerful aun were employed as solvents in the 
HPLC procedures. Methanol alone, combinations of methanol and 
water (90:10, 80:20, 70:30, and 65:35), combinations of methanol 
and acetonitrile (90:10 and 80:20), acetonitrile alone, and combin- 
ations of acetonitrile and water (90:10 and 80:20) were tested to 
find the most efficient solvent, or combination of solvents, for 
the separation of the components of pyrvinium pamoate. 

Monopotassium pamoate absorbs UV light more readily than 
pyrvinium at a wavelength of 254 nm and this is certainly expected 
Since the pamoate moiety has a system of conjugation that is more 
extended than that of the pyrvinium moiety. The structure of 


pamoic acid consists of two pairs of fused benzene rings that are 
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joined by a methylene group (Figure 2); benzene has an absorption 
band at 254 nm (€max 204, in water) (Dyer, 1965). The intense 
absorption of pamoic acid at 254 nm, which is due to nm + 1m* 
transitions, is augmented by the hydroxyl and carboxyl substitu- 
ents. Although pyrvinium also contains a conjugated 7-electron 
system, it does not absorb significantly at 254 nm. The high 
intensity and broad range of absorption of the pamoate moiety may 
overlap with the absorption of the pyrvinium moiety and may also 
mask impurities in the pyrvinium pamoate samples. This difficulty 
was compounded by the fixed wavelength of the detector, which does 
not permit the search for a more ideal wavelength of absorption. 

Reversed-phase fluorescence HPLC has been found to be the 
most suitable method for the detection of impurities in these 


Samples of pyrvinium pamoate. 


Drugs and Dosage Forms 

Monopotassium pamoate, pyrvinium chloride, pyrvinium iodide, 
the USP reference standard (A) of pyrvinium pamoate, and several 
medical grades of pyrvinium pamoate (B, C, D, and E) were 
prepared for HPLC analysis by dissolution in methanol to a final 
concentration of 1 mg/ml. 

One tablet of each of 3 brands of pyrvinium pamoate (B, C, 
and D) was finely powdered with the aid of a mortar and pestle, 
dissolved in 15 ml of methanol, agitated manually for 5 minutes, 
and then allowed to settle. The tablet excipients precipitated 


on standing and the supernatants were used in the HPLC analyses. 
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The tablets were not assayed for drug content and the labeled 
strength of each tablet (75 mg of pyrvinium pamoate) was assumed. 
For the qualitative HPLC analyses, the concentration of pyrvinium 


pamoate in each methanol supernatant was estimated to be 5 mg/ml. 


Be Bacterial Assays 

Fresh cultures of strains TA98 (genotype hisD3052 rfa AuvrB) and 
TA100 (genotype hisG4é rfa AuvrB) of Salmonella typhimurium were pre- 
pared from frozen permanents that are stored at -70°C. These strains 
were streaked for single colonies onto nutrient agar plates and incu- 
bated (Fisher Econotemp” incubator, Model 30D) at 37°C for 24 hours. 
Each single colony was inoculated into 5 ml of L-broth and these 
cultures were incubated at 37°C in a waterbath (Gyrotory Water Bath 
Shaker, Model G76, New Brunswick Scientific Company, Incorporated) for 
about 16 hours to attain stationary-phase cells. The methodologies 
involved in confirming the genotypes of the tester strains, and the 
mutagenicity assays, are similar to those described by Ames et al. 


(1975), and by Maron and Ames (1983). 


1.. Checking the Strains 
The genetic markers of the bacterial strains were checked routinely 
for histidine auxotrophy, sensitivity to crystal violet, sensitivity to 


ultraviolet radiation, and ampicillin resistance. 


a. Histidine Requirement 
The bacterial cultures grew on minimal-glucose agar (Vogel- 


Bonner E medium plus dextrose and agar) only if 0.1 ml of a 
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solution of histidine plus biotin (0.5 mM histidine-HC1-0.5 mM 
biotin) had been spread onto the plates; this indicated auxotrophy 


for histidine. 


Deep Rough Character 

Approximately 10° bacteria (0.1 ml of the stationary-phase 
culture) were spread onto nutrient agar and 3 filter paper discs 
were placed on top. About 10 ul of a solution of crystal violet 
(1 mg/ml of water) were applied to each disc and the plate was 
incubated at 37°C for 12 hours. A clear zone of inhibition around 


each disc indicated the presence of the rfa mutation. 


Presence of R-Factor 

This test was carried out in the same manner as the test for 
the rfa mutation, except that 10 ul of a solution of ampicillin 
(8 mg/m] 0.02 N NaOH) were applied to the filter paper discs and 
the nutrient agar plate re incubated at 37°C for 12-24 hours. 
The absence of a zone of inhibition around each disc indicated 
ampicillin resistance, thus the pKM101 plasmid was present in the 


Sina ins. 


Sensitivity to UV Radiation 

Each bacterial culture was spread onto nutrient agar (0.1 
ml/plate) and half of each plate was irradiated with a germicidal 
lamp (General Electric G30T8, 30 watt bulb) for about 30 seconds, 
at a distance of approximately 40 cm. The time of irradiation was 
determined empirically. The plate was incubated at 37°C for 12-24 


hours. Since strains TA98 and TA100 contain the wvrB deletion, 
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growth was observed only on the unirradiated side of the plate. 


2. Mutagenicity Assays 

Stock solutions (2.5 mg/ml) of cyclophosphamide, 2-acetylamino- 
fluorene, the USP reference standard of pyrvinium pamoate, and each 
medical grade of pyrvinium pamoate were prepared in dimethylsulfoxide 
(DMSO); when required, these stock solutions were diluted with DMSO. 

Strains TA98 and TA100 of Salmonella typhimurtun were cultured in 
L-broth at 37°C for 16 hours to attain stationary-phase cells. Each 
treatment, tube contained 0.5 ml of S9 mixcor 0s5eml or 0.1 IM sodium 
phosphate buffer (pH 7.4), 0.1 ml of stationary-phase bacterial culture 
(approximately 10° bacteria), 0.1 ml of drug solution or 0.1 ml of DMSO, 
and 2.0 ml of molten top agar that contained 0.2 ml of a solution of 
0.5 mM histidine:HC1-0.5 mM biotin. The contents of each tube were 
poured onto minimal-glucose agar plates (Vogel-Bonner E medium plus 
dextrose and agar); each assay was performed in quadruplicate. Once the 
top agar had solidified, the plates were incubated at 37°C; after 48 


hours of total incubation time, the Azs* revertants were scored. 


3. Media, Buffers, and Solutions 

L-Broth (1.2% tryptone, 1.0% NaCl, 0.5% yeast extract, and 0.1% 
dextrose), soft agar (0.6% agar and 0.5% NaCl), nutrient agar (0.8% 
Difco-Bacto nutrient broth, 0.5% NaCl, and 1.5% agar), and minimal- 
glucose agar (Vogel-Bonner E medium [0.030% MgSO,°7H20, 0.300% 
HOC(CH»COOH)»COOH:H20, 1.500% K2HPO,, and 0.525% NaNHyHPO,*4H20] plus 
2.0% dextrose and 1.5% agar) were prepared with double-distilled, 
deionized water and sterilized (Amsco steam-powered autoclave) at 121°C 


for 20 minutes. In the preparation of the various media, the solutions 
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of dextrose were autoclaved separately and added to the media while hot. 
Similarly, the solutions of the Vogel-Bonner salts (Vogel and Bonner, 
1956) and the agar were sterilized separately in the preparation of the 
minimal-glucose medium. 

The sodium phosphate buffer (pH 7.4) consisted of 6.0 ml of 0.1 ™M 
monosodium phosphate (1.38 g NaH2P0,°H20/100 ml water) plus 44.0 ml of 
0.1 M disodium phosphate (1.42 g NazHPO,/100 ml water) to make 100 ml 
of buffer. The salt solution (1.65 M KC1/0.4 M MgCl.) for the S9 mix 
was prepared by the dissolution of 6.15 g KCl and 4.07 g MgC12°6H20 in 
90.0 ml of water. The buffer and the salt solution were autoclaved at 
IZ G for co minutes. 

The solution of histidine/biotin was prepared by the dissolution 
of D-biotin (30.9 mg) and L-histidine-HCL (24.0 mg) in 250 m1 of 
Sterile water. The histidine/biotin solution and solutions of 0.1 M 
glucose-6-phosphate (282 mg/10 ml sterile water) and 0.1 M nicotinamide 
adenine dinucleotide phosphate (38.3 mg NADP/5 ml sterile water) were 
filter-sterilized and stored at -20°C. 

Each ml of S9 mix contained 0.10 ml of rat liver homogenate 
(obtained from the British Columbia Cancer Foundation, Carcinogen 
Testing Laboratory), 0.03 ml of 0.1 M NADP, 0.03 ml of 0.1 M glucose- 
6-phosphate, 0.02 ml of salt solution (1.65 M KC1/0.4 M MgC12), and 


0.82 ml of sodium phosphate buffer (pH 7.4). 
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(e Yeast Assays 

The genotypes of the haploid and diploid strains of Saccharomyces 
cerevistae that were used in the mutagenicity assays are listed in 
Table 1. Stocks of these strains were stored, at 4°C, on YEPD-agar 
(1.0% yeast extract, 2.0% peptone, 2.0% dextrose, and 1.5% agar) 
supplemented with extra amino acids plus adenine and uracil (L-arginine, 
L-histidine, L-isoleucine, L-lysine, L-methionine, L-tryptophan, 
L-valine, adenine, and uracil, each at 20 mg/1; L-leucine at 30 mg/1; 


and L-threonine at 350 mg/1). 


1. Haploid Reversion Assay 

Strains XV185-14C, XY718-1A, and 7854-1A of Saccharomyces cere- 
vistae were streaked for single colonies onto YEPD-agar and incubated 
at 30°C for 48 hours. A single colony of each strain (specifically 
a pink colony for strain XV185-14C) was selected, streaked onto YEPD- 
agar supplemented with extra amino acids plus adenine and uracil, and 
incubated at 30°C for 48 hours. 

A cell suspension of each yeast strain was prepared in 5 ml of 
liquid YEPD medium and the cell concentration of a 100-fold dilution 
(0.1 ml of cell suspension plus 9.9 ml of buffer or water) was 
estimated by counting the actual number of cells on a hemocytometer 
(all 25 squares of the grid) under a light microscope (Leitz Wetzlar 
632717, Germany; supplied in Canada by Walter A. Carveth Limited, 
Scientific Instruments and Photographic Equipment). The cell suspen- 
sions were adjusted with liquid YEPD to achieve inocula of 5x10° 
cells/ml for stationary-phase cultures and 5x10° cells/ml for loga- 


rithmic-phase cultures; 1.0 ml of an adjusted cell suspension was 
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inoculated into 49.0 ml of a culture medium that consisted of 46.5 ml 
of liquid YEPD supplemented with 2.5 ml of a stock solution of amino 
acids plus adenine (L-arginine, L-histidine, L-isoleucine, L-lysine, 
L-methionine, L-tryptophan, L-valine, and adenine, each at 2 mg/ml; 
L-leucine at 3 mg/ml; and L-threonine at 30 mg/ml) to achieve a final 
concentration of 1x10’ cells/ml for stationary-phase cultures and 

1x10° cells/ml for logarithmic-phase cultures. The cultures, contained 
in 250-ml Erlenmeyer flasks, were incubated for 15-17 hours in a water- 
bath shaker (American Optical Corporation, Scientific Instrument 
Division) at 30°C to obtain logarithmic- or stationary-phase cells. 

The cells were harvested by centrifuging (Damon/IEC Division 
Clinical centrifuge) each culture at full speed for 10 minutes; the 
Supernatant (liquid YEPD) was discarded, the pellet of cells was recon- 
stituted in 50 ml of 0.1 M sodium phosphate buffer (pH 7.0), and the 
cells were washed by centrifuging for another 10 minutes at full speed. 
The supernatant (buffer) was eens the pellet of cells was resus- 
pended in 50 ml of buffer, the cell concentration of a 100-fold 
dilution (0.1 ml of cell suspension plus 9.9 ml of buffer or water) 
was estimated by counting the actual number of cells on 25 squares of 
a hemocytometer grid under a light microscope (this also enabled the 
discernment between logarithmic and stationary phases of growth by 
the percentage of budding cells), and the buffered cell suspension was 
adjusted to 5x10” - 1x10° cells/ml (or to 2x10° cells/ml when toxic 
compounds were to be analyzed) with 0.1 M sodium phosphate buffer 
Gola 720i) 

The 0.1 M sodium phosphate buffer (pH 7.0) was prepared by combin- 


ing 39.0 ml of a solution of 0.2 M monosodium phosphate (27.80 g 
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NaH>PO4*H20/1000 ml water) and 61.0 ml of a solution of 0.2 M disodium 
phosphate (53.65 g NazHP0,*7H.0/1000 ml water), and diluting to a total 
volume of 200.0 ml, as described by Gomori (1955). 

Glass test tubes (18 mm x 150 mm), which already contained the 
Substances to be tested (0.1 ml of sterile water, 0.1 ml of DMSO, 

0.1 ml of a stock solution of a drug dissolved in DMSO, or crystalline 
drug plus 0.1 ml of DMSO), each received 3.9 ml of the buffered cell 
Suspension. The tubes were capped, sealed with laboratory film 
(Parafilm "M"°, American Can Company), and incubated at 30°C ina 
waterbath shaker; cell samples (0.9 ml for each of 4 sampling times or 
1.2 ml for each of 3 sampling times) were taken at the appropriate 
time intervals and added to plastic test tubes (12 mm x 75 mm) which 
contained enough 0.1 M sodium phosphate buffer (pH 7.0) to make a total 
volume of 4.0 ml for strain XV185-14C and 4.5 ml for strains XY/18-1A 
and 7854-1A. The plastic tubes were centrifuged (Damon/IEC Division 
HN-SII centrifuge) at full oreo for 15 minutes to wash the cells; 

3.5 ml (strain XV185-14C) or 4.0 ml (strains XY718-1A and 7854-1A) of 
the supernatant were removed with a 5-ml pipette and the cells were 
resuspended with the addition of 3.5 ml or 4.0 ml of buffer. This 
washing procedure was repeated and the final volumes of these cell 
suspensions (designated as Do) were 4.0 ml for strain XV185-14C and 
4.5 ml for strains XY718-1A and 7854-1A. 

Serial dilutions (one 100-fold, two 10-fold, and one 4-fold) were 
prepared in buffer and 0.2 ml of the appropriate dilution was spread 
onto each of 4 plates of YEPD-agar or Mortimer complete (MC) medium 
for the survival estimation. MC medium consists of minimal medium 


(0.67% Difco yeast nitrogen base without amino acids, 2.00% dextrose, 
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and 2.00% agar) supplemented with selected amino acids plus adenine and 
uracil (L-arginine, L-histidine, L-lysine, L-methionine, L-tryptophan, 
adenine, and uracil, each at 20 mg/1; L-leucine at 30 mg/1; and 
L-threonine at 350 mg/1). In the preparation of all the media used in 
the yeast assays, the solutions of dextrose and the solutions of the 
amino acids plus adenine and uracil were autoclaved separately at 121°C 
for 20 minutes and added to the media while hot; the solution of 
L-threonine, which is heat-labile, was filter-sterilized. 

Undiluted aliquots of Do were spread onto omission media as 
follows: 0.2 ml/plate on 8 plates of MC minus threonine and on 4 
plates each of MC minus arginine, MC minus histidine, and MC minus 
tryptophan for strain XV185-14C; 0.5 ml/plate on 4 plates each of MC 
minus histidine and MC minus leucine for strains XY718-1A and 7854-1A. 
The plates were incubated at 30°C for 4-6 days (strain XV185-14C) and 


10-14 days (strains XY718-1A and 7854-1A). 


ae Nonsense Suppression 
This analysis was carried out with strain XV185-14C by 
spreading aliquots of the Do suspension (0.5 ml/plate) onto 5 
plates of MC minus arginine medium with limiting adenine 
(5 ug/ml). The plates were incubated at 30°C for 4-6 days and 
pink revertants were recorded as events at the arg¢ locus, whereas 
white revertants were considered to be events at the nonsense 


Suppressor loci. 


Diz Coreversion Analysis 
The #rst and LEUt revertants obtained with strains XY718-1A 


and 7854-1A were patched onto MC minus histidine and MC minus 
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leucine plates, respectively; the plates were incubated at 30°C 
for 4 days. These #ISt and LEUt revertants were replica-plated 
onto MC minus leucine and MC minus histidine media, respectively, 
and incubated for another 4 days. Corevertants (HistLeut pheno- 
type) were recorded as events at the frameshift suppressor loci, 
whereas single revertants (HistLeu- or His~Leut phenotypes) were 


considered to be reversion events at the hts4 or leu2 loci. 


2. Diploid Intragenic and Intergenic Mitotic Recombination Assays 

Strains D5 and D7 of Saccharomyces cerevisiae were streaked for 
Single colonies onto YEPD-agar and incubated at 30°C for 48 hours. A 
Single colony of each strain was selected, streaked onto YEPD-agar 
(strain D5) or YEPD-agar supplemented with extra amino acids (iso- 
leucine and valine are required) plus adenine and uracil (strain D7), 
and incubated at 30°C for 48 hours. 

The procedures for these assays were similar to those described 
for the haploid strains except that the cell suspensions (in liquid 
YEPD medium) were adjusted to 5x10’ cells/ml for stationary-phase 
cultures and 5x10° cells/ml for logarithmic-phase cultures; 1.0 ml of 
an adjusted cell suspension of strain D5 was inoculated into 49.0 ml 
of liquid YEPD medium and 1.0 ml of an adjusted cell suspension of 
strain D7 was inoculated into 49.0 ml of a culture medium that consist- 
ed of 46.5 ml of liquid YEPD medium supplemented with 2.5 ml of a stock 
solution of amino acids (isoleucine and valine are required) plus 
adenine, to achieve a final concentration of 1x10°® cells/ml for 
stationary-phase cultures and 1x10* cells/ml for logarithmic-phase 


cultures. These cultures were incubated for 15-17 hours in a waterbath 
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Shaker at 30°C to obtain logarithmic- or stationary-phase cells. 

The cells were harvested, washed, and resuspended in 50 m1 of 
buffer; the buffered cell suspensions were adjusted to 5x10” - 1x10° 
cells/ml (or to 2x10° cells/ml for the analysis of toxic compounds ) 
with 0.1 M sodium phosphate buffer (pH 7.0). The buffered cell suspen- 
Sions were added (3.9 ml/tube) to the control and treatment tubes, 
which contained 0.1 ml of DMSO and 0.1 ml of a stock solution of a drug 
(dissolved in DMSO), respectively; these reaction mixtures were incu- 
bated at 30°C in a waterbath shaker. Generally, the procedures for 
these assays were similar to those described for the haploid strains 
except that the Do suspensions of strain D5 (4.0 ml in volume) were 


transferred directly into the dilution series without being washed. 


Gis Intragenic Mitotic Recombination 
The Do suspensions of strain D7 (also 4.0 ml in volume) were 
washed twice in buffer and undiluted aliquots were spread (0.3 
ml/plate) onto an omission medium (MC minus tryptophan plus iso- 
leucine and valine, each at 20 mg/1); the plates were incubated 


at 30°C for 4-6 days. 


De Intergenic Mitotic Recombination 
Dilution series for strains D5 and D/ were prepared in buffer 
and the appropriate dilution was spread (0.2 ml/plate) onto 10 
plates of MC medium with limiting adenine (5 ug/ml) plus isoleu- 
cine and valine (each at 20 ug/ml), or onto YEPD-agar, to obtain 
100-200 colonies/plate; YEPD-agar contains a low concentration of 
adenine, which permits the red and pink color development of 


adenine-dependent colonies. The plates were incubated at 30°C 
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for 4 days and then stored at room temperature for at least 6 days 
to allow time for an adequate color development before the colonies 


were scored. 


3. Induction of Petites in Growing Cells 

Strains D5 and N123 of Saccharomyces cerevisiae were streaked for 
Single colonies onto YEPG-agar (contains 2.0% glycerol as the carbon 
source instead of the 2.0% dextrose used in YEPD-agar) and incubated 
at 30°C for 48 hours; a single colony of each strain was selected, 
streaked onto YEPG-agar, and incubated at 30°C for 48 hours. A cell 
Suspension of each yeast strain was prepared in 5 ml of liquid YEPG 
medium (contains 4.0% glycerol) and inoculated into liquid YEPG medium 
to achieve 50-ml cultures of 1x10* - 1x10° cells/ml for strain D5 and 
1x10° - 4x10° cells/ml for strain N123; these cultures were incubated 
for 16 hours in a waterbath shaker at 30°C. The cultures were centri- 
fuged for 10 minutes, the supernatant (liquid YEPG) was discarded, and 
the pellet of cells was resuspended in 50 ml of liquid YEPD. The cell 
suspensions were adjusted to 1x10’ cells/ml with liquid YEPD and added 
(3.9 ml/tube) to the control and treatment tubes, which already con- 
tained the substances to be tested. Ethidium bromide was the positive 
control (Slonimski et aZ., 1968). 

The tubes were incubated at 30°C in a waterbath shaker; cell 
samples (0.1 ml for strain D5 and 0.8 ml for strain N123) were taken at 
the appropriate time intervals (0, 0.5, 1, 2, and 3 hours for strain D5 
and 1, 2, 4, and 8 hours for strain N123) and added directly to the 
dilution series. The dilution series were prepared in 0.1 M sodium 
phosphate buffer (pH 7.0) and each appropriate dilution was spread 


(0.2 ml/plate) onto regular YEPD-agar (contains 2.0% dextrose) and 
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onto fortified YEPD-agar (contains 10.0% dextrose). The plates were 
incubated at 30°C for 3-4 days and the proportion of petite colonies was 
determined by the tetrazolium-overlay method (Ogur et al., 1957), which 
involved pouring about 20 ml of tetrazolium top agar (0.1% 2,3,5-tri- 
phenyltetrazolium chloride plus 1.5% agar, each dissolved in 0.1 M sodium 
phosphate buffer at pH 7.0) over the plates; the colonies were examined 


for color changes at 3, 6, and 24 hours after the overlay procedure. 


The plates of strain D5 were not subjected to the overlay procedure 
until an adequate color development of the adenine-dependent colonies 
had taken place; since these red and pink colonies could not be scored 
as petite or grande by the overlay method, they were sampled with a 
Sterile toothpick, patched onto YEPD-agar, and replica-plated onto 


YEPG-agar. 


D. In Vivo Mammalian Assays 

The genetic activity of pyrvinium pamoate was assessed by the level 
of chromosomal damage caused in the erythropoietic tissue and colon 
epithelium of mice. The experimental procedures and the care and treat- 
ment of the animals used were in accordance with the principles outlined 


by the Canadian Council on Animal Care (1980). 


ihe Induction of Micronuclei in Mouse Bone Marrow 

The LDso/7 (the dose that kills 50% of the animals within 7 days) 
of pyrvinium pamoate (dissolved in DMSO) was estimated for the intra- 
peritoneal route of injection in @B6C3F1 mice (The Jackson Laboratory, 
Bar Harbor, Maine, U.S.A.). This established the dose range (0.8 mg/kg 
was the highest dose that permitted 24 hours of survival) and the 


animals were treated accordingly. 
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The mice were weighed (Ohaus triple-beam animal balance) in groups 
of 5 and the average weight of each mouse (20 g) was used to determine 
the dosage schedule. The solutions of pyrvinium pamoate (Parke-Davis 
Canada Incorporated, lot C434662), 1,2-dimethylhydrazine-2HC1, and 
7,12-dimethylbenz[a]anthracene were prepared in DMSO and transferred 
to amber serum vials; the vials were topped with flange-type rineeG 
stoppers and secured with aluminum seals that were applied with a hand- 
operated crimper. The drugs were injected (Becton-Dickinson 26-gauge 
Yale” needles, with intradermal bevel, attached to Plastipak® l-m] 
tuberculin syringes) intraperitoneally (0.1 ml/mouse). The negative 
controls were DMSO-treated mice (0.1 ml/mouse) and untreated mice. 

The animals were sacrificed by cervical dislocation, carbon 
dioxide (CO.) gas, or exposure to C0» vapors from dry ice. Bone marrow 
samples were taken at 24, 48, and 72 hours after the intraperitoneal 
injections; a femur was removed from each mouse, a small piece of the 
iliac end of the bone was cut with a pair of scissors, and a pin (about 
2.5 cm in length) was inserted into the marrow canal from the epiphyseal 
end of the femur to push the exudate from the canal. Each bone marrow 
Sample was placed onto a microscope slide, mixed with a drop of fetal 
calf serum (sterile, newborn-bovine serum from Flow Laboratories), and 
the preparation was spread across each slide; the slides were allowed 
to air-dry overnight. 

The slides were fixed in absolute methanol for 5 minutes, air-dried 
for 20 minutes to remove the methanol, and stained in 5% Giemsa (5 ml 
of Giemsa's stain/100 ml of 0.01 M phosphate buffer [0.71 g Na HPO, plus 
0.68 g KH2P0,/1000 ml water] at pH 6.8) for 20 minutes. Giemsa's stain 


(BDH Chemicals) contains 6.65 g of Giemsa dyes (about 5.0 g azure II- 
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eosin and 1.6 g azure II), 1.75 ml glycerol, and 823 ml methanol per 
liter of the commercial dye preparation. The stained slides were 

rinsed once in the phosphate buffer for 30 seconds and once in distilled 
water for 5 seconds, air-dried for 1 hour, and the coverslips were 
mounted with a neutral mounting preparation (DPX° mountant from BDH 
Chemicals). The details of the slide preparation and staining proced- 
ures have been described by Heddle et al. (1984). 

A light microscope (Leitz Wetzlar 721770, Germany; supplied in 
Canada by Walter A. Carveth Limited, Scientific Instruments and Photo- 
graphic Equipment) with oil-immersion objectives was used to score the 
Slides. As a result of the Giemsa stain, white blood cells were deep 
blue, red blood cells were pink to pale red, polychromatic erythrocytes 
were light blue and tinged with purple, and micronuclei were deep purple 


Spots that could be identified easily. 


Zs Induction of Nuclear Aberrations in Mouse Colon 

The «C57BL mice (The Jackson Laboratory, Bar Harbor, Maine, U.S.A.) 
were weighed in groups of 5 and the average weight of each mouse (25 g) 
was used to determine the dosage schedule. The solutions of pyrvinium 
pamoate (Parke-Davis Canada Incorporated, lot C434662) and 1,2-dimethy1- 
hydrazine:2HCl were prepared in DMSO; the dosage forms of pyrvinium 
pamoate (Vanquin® oral suspension from Parke-Davis Canada Incorporated 
and Pyr-Pam> oral suspension from ICN Canada Limited) were used as 
Supplied by the manufacturers. 

Accurate doses of the drugs were administered to the mice, which 
had been denied access to food and water for 4 hours prior to dosing, 
by oral intubation (0.2 ml/mouse) with Perfektum- (Popper & Sons, 


Incorporated) animal feeding needles (22-gauge, 1-inch long, straight 


baad nani td wi 
bettie pv )) ing, Gay Spee =" =2 Pa Gye 
= het a neve? Gn : tod | 09 dealt 


eed snazele () Wad wi wise ibis hea 


—— 


ite oh) Menno tr ey Maven hase 98T Aon = 
it hina ib: CRS ese veal 2 
oO scenohet ee at te 
Iieoal 149) reas oe ee de “ie 4 
| shige atest Seeenegn UUs 9 Ny YA ue atnaety: 

si as bare ehdece WE Tr SIREN TITRE ‘eat 
scan +! Pig apeu-etTec tects rem 


i.) ’ j , oars 
= : 
ord. ye. Sc POF 4 | OTT re hamernsts 
rate nr ti i sa gy te he “ Ap ware a. ¢) rere , 
nw ait , i : - ii (gd-veen®) : 
mild dre ee. at , | oom hea 
poy ae oy " Oar PPoU<SAy” wie Dy Satie) Papeaet 
6, _* Sar 
SP Sak) MISH MEG, Alter FY set  (eeogave ta@® i tale 
7 vain? .f 
> 


rere sat “i vs aes SA oe ta nae coos 


aintenabete’ Hae ase s na a e 
‘ re alas arent pen 


aa a leah ks 


A, pra 


42 


cannula with a ball diameter of 1.25 mm). The negative controls were 
DMSO-treated mice (0.2 ml/mouse) and untreated mice. 

The animals were sacrificed by cervical dislocation 24 hours after 
the treatment, and their colons were excised and flushed with phosphate- 
buffered saline (2.7 mM KC], 137.0 mM NaCl, 10.0 mM Na»HPO,, and 1.4 mM 
KH2P0,) at pH 7.2. Each colon was cut open from the cecum to the anus 
and rolled from the proximal to the distal end; the rolls of tissue 
were pinned onto corkboard and fixed for 20 hours in Formalde-Fresh” 
(Fisher Scientific), which consists of 10% buffered formalin phosphate 
(pH 6.9 - 7.1) prepared with 4% w/v formaldehyde, 0.4% w/v NaH»P0,°H20, 
0.65% w/v NasHPO,, and 1.5% w/v methanol. The tissue samples were then 
rinsed and stored in 70% ethanol. The dehydration of the tissue speci- 
mens was achieved with one 2-hour bath in 80% ethanol, one 2-hour bath 
in 90% ethanol, two l-hour baths in absolute ethanol, and one bath over- 
night in absolute ethanol. 

The dehydrant was cleared from the tissue specimens with one 2-hour, 
one 4-hour, and one overnight bath in the clearing solution Hemo-De~ 
(Fisher Scientific), which contains terpene, mineral oil, and butylated 
hydroxyanisole. Paraplast. (Fisher Scientific) tissue embedding medium 
(pellets of purified paraffin and plastic polymers of regulated molecu- 
lar weight) was prepared in a vacuum infiltrator/paraffin dispenser 
(Lipshaw Model 224) set at 56°C. The tissue specimens were transferred 
from Hemo-De~ to stainless-steel tissue capsules, immersed in the 
liquefied embedding medium, and held in a Napco paraffin oven (Model 
5850, National Appliance Company) at 70°C. The embedding procedure 
involved three 2-hour immersions, plus one overnight immersion, in the 


liquefied Paraplast ; fresh embedding medium was used at each stage. 
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The tissue samples were removed from the tissue capsules and each 
colon specimen was placed into a stainless-steel mold; the molds were 
filled with liquefied embedding medium from the paraffin dispenser/ 
vacuum infiltrator and allowed to solidify into blocks. Histologic 
sections of 6-ym thickness were cut from the paraffin-embedded tissue 
with a Spencer "820" microtome and deposited on the surface of the 
fluid (water plus gelatin) in a flotation bath (Lipshaw electric Tissue 
Float, Model 375) maintained at the lowest temperature setting; this 
Flotation flattened the sections and eliminated the wrinkles. The 
sections were placed onto microscope slides and prepared for the stain- 
ing procedure by a succession of dewaxing and hydration steps. The 
sections were dewaxed in Hemo-De~ (two l-minute baths with agitation) 
and hydrated in absolute ethanol for 2 minutes, in 95% ethanol for 1 
minute, in 70% ethanol for 1 minute, and in distilled water for 3 min- 
utes, with agitation at 30-second intervals in each solvent. 


The Feulgen method for staining the sections involved the immersion 
of the dewaxed and hydrated tissue sections in 5 N HCl, which had been 
preheated to 50°C, for 2 minutes; the slides were rinsed in two changes 
of distilled water and immersed in Schiff reagent (Fisher Scientific) 
for 30 minutes. The commercial preparation of Schiff reagent contains 
basic fuchsin (pararosaniline-HCl), sodium metabisulfite, and hydro- 
chloric acid; this reagent stains the nuclear chromatin and chromosomes 
purple. The procedure used in staining the slides was an adaptation of 
the protocol for the Feulgen method described by Kiernan (1981). 

The slides were rinsed in several changes of distilled water for 
2-3 minutes and counterstained for 3 minutes with aqueous 0.5% fast 


green FCF. The stained tissue sections were immersed in distilled 
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water for 3 minutes, in 70% ethanol for 1 minute, in 95% ethanol for 

1 minute, and in absolute ethanol for 2 minutes; the dehydration pro- 
cedure was completed with two l-minute baths, with agitation, in 
Hemo-De°. Finally, the coverslips were mounted with DPX° mountant and 
a light microscope with oil-immersion objectives was used to examine 


the tissue sections for nuclear aberrations. 
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ARTICLE I 


The Genetic Activity in Saccharomyces cerevisiae and Thin-layer 
Chromatographic Comparisons of Medical Grades of Pyrvinium Pamoate 


and Monopyrvinium Salts 


Excerpts of Article I have been published 
by 


R.D. Mehta, U.G.G. Hennig, R.C. von Borstel, and L.G. Chatten 
in Mutation Research 102: 59-69 (1982). 
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ABSTRACT 


The pamoate, chloride, and iodide salts of pyrvinium, which is a 
cyanine dye with anthelmintic properties, were studied in a diploid 
mitotic recombination and gene conversion assay (strain D5 of Saceharo- 
myces cerevtstae) and in a haploid yeast reversion assay (strain 
XV185-14C). With the use of a thin-layer chromatographic (TLC) 
detection technique, samples of pyrvinium pamoate from several sources 
were found to contain different numbers and quantities of impurities. 
All of the samples of pyrvinium pamoate and the monopyrvinium salts 
were recombinogenic in strain D5 and mutagenic in strain XV185-14C, and 
the degree of genetic activity varied among the medical grades of pyr- 
vinium pamoate that were tested. Monopotassium pamoate was found to be 
inactive genetically in both yeast strains. Light-catalyzed degrada- 
tion did not enhance the genetic activity of pyrvinium pamoate in 


either of the yeast strains; the degraded samples were not mutagenic. 


INTRODUCTION 


The cyanine dye pyrvinium chloride was observed to be highly 
effective against the natural pinworm (Enterobius [Oxyurts] vermicu- 
larts) infestations in mice and rats (Weston et al., 1953), and in the 
treatment of oxyuriasis in humans (Sawitz and Karpinski, 1956). The 
chloride salt of pyrvinium was not well-tolerated as it caused gastro- 
intestinal upset and renal damage that was believed to be reversible 


upon the withdrawal of the therapeutic agent (Hales and Welch, 1953). 
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Pyrvinium chloride was eventually replaced by the equally effective 
pyrvinium pamoate, which produces less gastrointestinal upset and is 
not absorbed systemically (Rollo, 1980). 

Pyrvinium pamoate (Figure 2) has been shown to be mutagenic in 
the Salmonella typhtmurtum microsomal test system (MacPhee and Podger, 
1977; Espinosa et al., 1981; Lake and de la Iglesia, 1981). The drug 
was also found to be active genetically in a haploid yeast reversion 
assay (Galindo, 1979; Galindo et aZ., 1979; Hennig et aZ., 1981) and 
in a diploid mitotic recombination and gene conversion assay (Hennig 
et al., 1981), in both logarithmic- and stationary-phase cells. 

In this investigation two medical grades of pyrvinium pamoate, 
which fulfilled the specifications of the "United States Pharmacopeia" 
(USP XX, 1980), have been compared to the USP reference standard of 


the drug in the mutagenicity tests. 


MATERIALS AND METHODS 


TLC Studies 

Monopotassium pamoate, the USP reference standard of pyrvinium 
pamoate (lot F2), medical grades I and II (each from a different manu- 
facturer) of pyrvinium pamoate, and a sample of medical grade I that 
had been exposed to light were analyzed by the TLC method that was 
developed by Beckstead and Smith (1967). Each sample was dissolved in 
methoxyethanol to a final concentration of approximately 1 mg/ml. 

For the qualitative TLC analyses, Eastman Chromagram Sheets were 


spotted with 10-u1 aliquots of each sample solution, the spots not 
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exceeding 2 mm in diameter. The chromatographic sheets were developed, 
in the dark, for 2 hours in a chloroform:ethanol (7:3) solvent system, 
air-dried, and examined under long-wave (354-nm) ultraviolet light. 

For the preparative TLC procedure, glass plates (20 cm x 20 cm) 
that were coated with a layer of silica gel (500-um thickness) were 
activated at 100°C for one hour before use. A 2-ml volume of a stock 
solution of medical grade I of pyrvinium pamoate that was dissolved in 
methoxyethanol (1 mg/ml) was applied, in a 5-mm band width, 2 cm from 
the bottom of each TLC plate. The plates were developed, in the dark, 
for 4-5 hours in chloroform:ethanol (7:3). The separation in the pre- 
parative TLC plates was not as well-defined as in the qualitative TLC 
plates and, therefore, tailing and contamination among the various 
sections were expected. 

The developed preparative TLC plates were divided into sections 
corresponding to the separations that were observed in the qualitative 
TLC procedure. The silica gel fractions were extracted with methanol 
and the extracts were concentrated by the removal of the solvent. The 
concentrated methanol extracts were centrifuged at 1500 rpm for 10 min- 
utes at 15°C but this resulted in the retention of the pyrvinium pamo- 
ate by the silica gel. The high affinity of the drug for the silica 
gel made it difficult to extract this layer further. TLC analyses of 
the methanol supernatants confirmed the expected contamination among 
the various sections of the preparative TLC plates. In addition, the 
three fractions of medical grade I of pyrvinium pamoate that had been 
separated in the preparative TLC procedure did not exhibit genetic 
activity in strains D5 and XV185-14C of Saccharomyces cerevistae 


(Mehta:e- ai, 1981). 
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Pyrvinium Salts 

Stock solutions of monopotassium pamoate (6.2 mg/ml), pyrvinium 
chloride (18.4 and 13.4 mg/ml), pyrvinium iodide (18.4 and 16.3 mg/ml), 
and all samples of pyrvinium pamoate (18.4 and 11.1 Aaah were pre- 
pared in dimethylsulfoxide (DMSO). The solutions were stored in glass- 
ware that was wrapped with aluminum foil to prevent photodegradation 
(Beckstead and Smith, 1967) and when required, the stock solutions 
were diluted with DMSO. All of these experiments were conducted with 
a minimum of exposure to visible light. 

A crystalline sample of medical grade I of pyrvinium pamoate was 
exposed to room and window light for a period of two years. A second 
Sample of medical grade I was dissolved in methanol and the solution 
was exposed to light for nine months; the solvent was removed and the 
residue was used in all of the testing procedures. Stock solutions 
(18.4 mg/ml) of the residue and the photodegraded crystalline material 


were prepared in DMSO. 


Yeast Strains 

The haploid strain XV185-14C of Saccharomyces cerevistae was used 
for studying reverse mutations. This strain has the genotype 

a ade2-1 arg4-17 lysi1-1 trp5-48 his1-7 homés-10; 

his1-7 is a missense mutation, hom3-10 is a putative frameshift muta- 
tion, and ade2-1, arg4-17, lys1-1, and trp5-48 are suppressible ocher 
nonsense mutations. 

The mitotic recombination and gene conversion studies were carried 
out in the diploid strain D5 of Saccharomyces cerevistae (Zimmermann, 


a trpl-1 ade2-40 MALI ae 


1973). The genotype of this strain is eg ee ee ae 
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The allele ade2-40 confers a red coloration to the colonies, whereas 
the leaky allele ade2-119 causes the colonies to be pink. When these 
two alleles of the ade2 gene are present in the same diploid strain, 


they complement each other and, as a result, white colonies are formed. 


Reversion Assay (Strain XV185-14C) 

Cells that had been grown on YEPD-agar plates (yeast extract 1.0%, 
peptone 2.0%, dextrose 2.0%, and agar 1.5%) for 48 hours were inocu- 
lated into liquid YEPD medium to achieve a concentration of 1x10’ 
cells/ml and the culture was incubated for 15-17 hours in a waterbath 
Shaker at 30°C until the cells reached stationary phase. The cells 
were harvested by centrifugation and washed twice in 0.1 M phosphate 
bufrerm (pH 7.0). 

For the mutagenicity assays, which have been described previously 
(von Borstel et aZ., 198l1c), a cell suspension (5x10’ - 1x10® cells/ml) 
of each culture was prepared in buffer and dispensed into glass test 
tubes (3.9 ml/tube). A 0.1-m1l aliquot of an appropriate dilution (in 
DMSO) of the stock solution of a drug, or 0.1 mi of DMSO, was added to 
each tube and the reaction mixtures were incubated at 30°C, in the 
dark, in a waterbath shaker. Cell samples were taken at predesignated 
time intervals and washed twice, by centrifugation, in phosphate 
buffer. Each sample was then resuspended in 4.0 ml of phosphate 
buffer. 

Serial dilutions were made in phosphate buffer, and 0.2 ml of cell 
suspension from each of the control and treatment tubes was spread onto 
YEPD-agar plates for the survival estimation. Undiluted samples were 


spread onto omission media (0.2 ml/plate). The plates were incubated 
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at 30°C for 4-6 days. The complete medium from which the omission 
media were derived consisted of 0.67% Difco yeast nitrogen base without 
amino acids, 2.00% dextrose, 2.00% agar, plus all of the required 
nutritional supplements. The details for the preparation of these 
media have been described by von Borstel et al. (1971). In the compo- 
sition of an omission medium the nutritional requirement, histidine in 


this investigation, for which revertants are sought, is omitted. 


Mitotic Recombination and Gene Conversion Assay (Strain D5) 

The procedures for this assay were similar to those described for 
the haploid strain XV185-14C except that the initial inoculum that was 
used for growing stationary-phase cells was 1x1l0° cells/ml. 

At the termination of a treatment period, cell samples were 
washed by centrifugation and resuspended in 4.0 ml of phosphate buffer. 
A dilution series was prepared for each sample and 0.2 ml of cell 
Suspension from each of the control and treatment tubes was spread 
onto YEPD-agar plates to obtain 100-200 colonies per plate. YEPD 
medium contains a low concentration of adenine, which permits the red 
and pink color development of adenine-dependent colonies. The plates 


were incubated at 30°C for 7-10 days before they were scored. 
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RESULTS AND DISCUSSION 


The TLC plates in Figures 3 and 4 illustrate the separation that 
was achieved for two side-by-side trials of several medical grades of 
pyrvinium pamoate, the USP reference standard of pyrvinium pamoate, 
monopotassium pamoate, and the light-exposed sample of medical grade I 
of pyrvinium pamoate. Medical grade I separated into three components, 
whereas the USP reference standard separated into four components. 
These results were in agreement with those that were obtained by Beck- 
stead and Smith (1967). Medical grade II had seven components and the 
sample of medical grade I that had been exposed to light had twelve 
components. The R¢ values for the components of the separations that 
are depicted in Figures 3 and 4 are listed in Tables 2 and 3. 

In the TLC analyses, monopotassium pamoate had an Re value of 
0.96 (Table 2 and Figure 3), and this same component was observed in 
the USP reference standard, medical grade I, medical grade II, and the 
light-exposed sample of pyrvinium pamoate (Tables 2 and 3; Figures 3 
and 4). An intensely red spot with extensive tailing was observed at 
Re 0.65 in the USP reference standard and medical grade I of pyrvinium 
pamoate (Table 2 and Figure 3). This component, which is the pyrvin- 
jum moiety, is a major component of pyrvinium pamoate. 

It is evident from the chemical structure of pyrvinium pamoate 
(Figure 2) that the existence of geometric isomers of pyrvinium is 
possible. The a- and g8-hydrogens of the vinyl bond could be in czs- 
configurations or in trans-configurations. The results that were 
obtained with fluorescence high pressure liquid chromatography indicate 


that one of these isomers is more abundant (Figure 5; this volume, 
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p. 82 ), and nuclear magnetic resonance spectroscopy has established 
that the trans-isomer is the more abundant of the geometric isomers of 
pyrvinium (this volume, p. 129). On this basis, the intensely red 
component at Re 0.65 in the USP reference standard and medical grade I 
of pyrvinium pamoate can be identified tentatively as the trans-isomer 
of pyrvinium. 

The less intense components at R> values of 0.52 and 0.42 in the 
USP reference standard and medical grade I of pyrvinium pamoate (Table 
2 and Figure 3) are probably the less abundant of the geometric isomers 
of pyrvinium. The USP reference standard of pyrvinium pamoate contains 
an additional component at R¢e 0.26 (Table 2) and, judging from the low 
intensity of this spot (Figure 3), it may be another isomer of pyrvin- 
ium. The existence of these geometric isomers in the USP reference 
Standard and in medical grades of pyrvinium pamoate has been alluded 
to by Beckstead and Smith (1967). 

It is apparent that mecca marace II of pyrvinium pamoate con- 
tains several impurities, as well as higher relative quantities of the 
isomers of pyrvinium (Table 3 and Figure 4); in fact, medical grade II 
probably contains all of the geometric isomers of pyrvinium that are 
possible. Both the pyrvinium moiety and the pamoate moiety appear to 
have been degraded in the light-exposed sample of medical grade I of 


pyrvinium pamoate (Tables 2 and 3; Figures 3 and 4). 


Mutagenicity Studies 
The data that are reported in Tables 4-8 are for stationary-phase 
cells of Saccharomyces cerevistae. Similar results, with respect to 


the genetic activity of the drugs that had been tested, were obtained 
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with logarithmic-phase cells (von Borstel et al., 198la). 

An enhancement in the cell viability was observed in the presence 
of pyrvinium pamoate, the monopyrvinium salts, and monopotassium pamo- 
ate (Tables 4-8). This is an artefact that was due to the effect of a 
semisolid drug matrix which precipitated during centrifugation because 
of the limited aqueous solubility of these drugs. The matrix trapped 
many of the cells and prevented their removal in the subsequent wash- 
ing procedure. The control tubes did not exhibit this matrix formation 
and some of the cells were lost at each washing, thus the apparent 
enhancement of cell survival is not real. 

Most mutagens cause cell death as well as genetic change, and 
these two effects must be separated if mutation induction is to be 
quantified. The quantification of mutation induction is expressed as 
a relative reversion frequency, which is calculated by dividing the 
number of genetic events that were detected by the number of surviving 
cells. The concentrations of toxic chemicals are chosen to permit a 
reasonable survival rate without eliminating a significant mutagenic 
effect, and this is important because the calculated reversion fre- 
quencies may be exaggerated when the survival rate is low. When the 
solubility limits of a compound are exceeded, a dose-response relation- 
Ship can be obtained by extending the duration of the treatment. 

Compounds that show reversion frequencies or percentages of aber- 
rant colonies that are at least 2-fold higher than those of the nega- 
tive control are classified as mutagenic, whereas compounds that con- 
sistently show less than 1.5 times the reversion frequencies of the 
negative control are classified as nonmutagenic. When the reversion 


frequencies are consistently higher (about 1.5-fold) than the negative 
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control, the compound is classified as weakly mutagenic (von Borstel 

et al., 198lc). The lowest limit of detection is a doubling of the 
reversion frequency over the concurrent negative control, which is the 
vehicle. Reproducibility can be demonstrated by a mutagenic effect in 
several parallel cultures, or in several independent experiments. The 
interpretation of the data that is obtained in the testing of chemicals 
for genetic activity in Saccharomyces cerevtstae has been reviewed by 
Zimmermann et al. (1984). 

The USP reference standard and medical grades I and II of pyrvin- 
ium pamoate induced mitotic recombination and aberrant colonies in 
Strain D5 of Saccharomyces cerevistae (Table 4), and these samples of 
pyrvinium pamoate increased the frequency of HISt revertants above the 
Spontaneous level in strain XV185-14C (Table 5). These effects were 
observed only after 24 hours of exposure to the USP reference standard 
and medical grade I, whereas a significant increase in genetic activity 
was observed for medical arader dl after shorter (2 hours), as well as 
longer (24 hours), treatment periods (Tables 4 and 5). In addition, 
medical grade II was toxic, as is evident from the survival data for 
strains D5 and XV185-14C (Tables 4 and 5). 

In order to determine whether or not the light-catalyzed degrada- 
tion of pyrvinium pamoate contributed to the enhanced genetic activity 
and toxicity of medical grade II (see Tables 4 and 5), a sample of 
medical grade I that was dissolved in methanol and a crystalline sample 
of medical grade I were exposed to room and window light at room tem- 
perature for nine-month and two-year time spans, respectively. The 
solution gradually darkened in color and once the methanol had evapo- 


rated, the color of the residue was indistinguishable from that of 
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medical grade II. The crystalline sample also darkened in color but 
not to the same degree as the sample that was dissolved in methanol. 

Monopotassium pamoate and the residue of the light-exposed solu- 
tion of medical grade I of pyrvinium pamoate were not seen to be active 
genetically in either the diploid (strain D5) or the haploid (strain 
XV185-14C) yeast assays, even after a 24-hour treatment period (Tables 
4 and 5). The light-exposed crystalline sample appears to have induced 
a 2-fold increase in the frequency of aberrant colonies after 24 hours 
of exposure (Table 4) and, although this genetic effect is not as 
Strong as that caused by medical grade I after a 24-hour exposure 
period (Table 4), the results appear to be consistent with the observa- 
tion that pyrvinium pamoate degrades more rapidly in solution than in 
crystalline form (Beckstead and Smith, 1967). These data indicate 
that the light-catalyzed degradation of pyrvinium pamoate is not 
responsible for the genetic activity that was observed with the USP 
reference standard and the medical grades of pyrvinium pamoate. In 
fact, the genetic activity of the drug appeared to decrease gradually 
aS a consequence of photodegradation. 

The monopyrvinium salts, pyrvinium chloride and pyrvinium iodide, 
were found to be highly toxic at concentrations greater than 18.40 
ug/ml, therefore lower concentrations and a shorter exposure time 
(1 hour) were used in these experiments (Tables 6 and 7). At concen- 
trations of 18.40 ug/ml and 3.68 ug/ml, pyrvinium iodide and pyrvinium 
chloride induced mutations in strain XV185-14C (Table 6) and mitotic 
recombination and aberrant colonies in strain D5 (Table 7), with fre- 
quencies significantly higher than the control values. 


Medical grade II of pyrvinium pamoate, at concentrations of 0.74, 
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3.68, and 18.40 ug/ml, was used as an additional control in these 
experiments. The relative genetic response to the monopyrvinium salts 
was significantly stronger than the response to these low doses of 
medical grade II, which did not increase the frequencies of genetic 
alterations above the spontaneous level (Tables 6 and 7). Pyrvinium 
iodide and pyrvinium chloride were more toxic and exhibited stronger 
genetic activity when they were compared to equimolar concentrations 
of pyrvinium pamoate (Table 8). 

In the comparison of equimolar concentrations of several pyrvin- 
ium salts, strain D5 was exposed to twice the concentration of pyrvin- 
jum ion when it was treated with pyrvinium pamoate, yet pyrvinium 
chloride and pyrvinium iodide were more toxic and elicited stronger 
genetic responses (Table 8). Pyrvinium pamoate, which is not absorbed 
systemically (Rollo, 1980), is the salt of a weak acid and a weak base, 
therefore it is not unexpected that this dipyrvinium salt does not 
dissociate readily at physiological pH values. In contrast, pyrvinium 
chloride and pyrvinium iodide, which are salts of strong acids and a 
weak base, ionize to a greater extent. lIonization results in increased 
solubility and the solubility of a drug at physiological pH affects 
its availability for absorption and its passage across cell membranes. 
The monopyrvinium salts are absorbed systemically (Hales and Welch, 
1953). The availability for cellular uptake appears to be an important 
factor in the degree of genetic activity that is exhibited by the 
various pyrvinium salts. 

Pyrvinium salts, including pyrvinium pamoate from all sources, 
induce mitotic recombination and aberrant colonies in diploid yeast, 


and they are mutagenic in the haploid yeast reversion test. The 
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monopyrvinium salts are more toxic and they are stronger mutagens than 
the USP reference standard and the medical grades of pyrvinium pamoate. 
The light-catalyzed degradation of pyrvinium pamoate is not the factor 
that is responsible for the genetic activity of the drug. The enhanced 
genetic activity and toxicity of medical grade II may be due to one or 
more of the numerous impurities that were revealed in the TLC analyses. 
The absence of a mutagenic response to monopotassium pamoate and the 
strong mutagenic response to the monopyrvinium salts indicate that the 
pyrvinium moiety itself is involved in the genetic activity of pyrvin- 


ium pamoate. 
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FIGURE 3. Diagram of a thin-layer chromatogram (Eastman Chromagram 
Sheet) developed in chloroform:ethanol (7:3) when viewed 
under long-wave (354-nm) UV light. The numbers 1, 2, 3, 
and 4 represent the light-exposed sample of medical 
grade I, monopotassium pamoate, medical grade I, and the 
USP reference standard of pyrvinium pamoate, respectively. 
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FIGURE 4. Diagram of a thin-layer chromatogram (Eastman Chromagram 
Sheet) developed in chloroform:ethanol (7:3) when viewed 
under long-wave (354-nm) UV light. The numbers 1, 2, 
and 3 represent the light-exposed sample of medical 
grade I, medical grade II, and medical grade I, 


respectively, of pyrvinium pamoate. 
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ARTICLE II 


The Detection of Chemical Impurities 
by High Pressure Liquid Chromatography 
and the Genetic Activity of Medical Grades of Pyrvinium Pamoate 


in Saccharomyces cerevistae and Salmonella typhtmurtum 
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ABSTRACT 


The genetic activity of several medical grades of the anthelmin- 
tic drug pyrvinium pamoate was studied in a diploid mitotic recombina- 
tion and gene conversion assay (strain D5 of Saecharomyces cerevistae), 
and in several haploid yeast reversion assays (strains XV185-14C, 
XY718-1A, and 7854-1A of Saccharomyces cerevistae). All of the samples 
were recombinogenic in strain D5 and mutagenic in the haploid strains, 
however, the degree of genetic activity varied considerably among the 
medical grades of pyrvinium pamoate that were tested. Similarly, these 
samples also varied in degree of mutagenicity when they were tested in 
Strains TA98 and TA100 of Salmonella typhimurium, but some of the 
medical grades of pyrvinium pamoate were mutagenic both in the presence 
and in the absence of the metabolic transformation system, whereas 
other grades of the drug required such activation to be mutagenic. In 
addition, the medica! grades ane dosage forms of several brands of 
pyrvinium pamoate were examined for purity by fluorescence high 
pressure liquid chromatography (HPLC) using a methanol:water (90:10) 
solvent system. The tablets were not extracted quantitatively because 
the major purpose of the HPLC analyses was to determine the number of 
impurities, and their relative quantities, present in these pharma- 
ceuticals. In general, there is a correlation between the degree of 
genetic activity and toxicity, and the number and relative quantity of 


impurities found in each sample. 
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INTRODUCTION 


Pyrvinium pamoate (Figure 2) is an anthelmintic drug that is used 
in the treatment of pinworm infestations but the drug is not absorbed 
systemically (Rollo, 1980). Two doses of the drug (each dose at 
7.5 mg/kg body weight) are administered orally in a two-week interval 
to eradicate the adult worm, Enterobius (Oxyurts) vermtcularts. The 
increase in parasitic diseases (The Medical Letter, 1982) such as pin- 
worm infestations and reinfestations, particularly among school chil- 
dren, has resulted in extensive prophylactic use of pyrvinium pamoate. 
This type of therapy is ineffective as pyrvinium pamoate is not active 
against the ova, nor is it active against adult pinworms when low doses 
of the drug are used. In Canada, several brands of pyrvinium pamoate 
are available to the general public as over-the-counter medications, 
whereas in the United States a prescription is required for this drug. 
Mexico does not have an Auer pharmacopeia and most drugs are 
readily accessible for self-medication. 

Pyrvinium pamoate has been shown to be mutagenic in the Salmonella 
typhimurtum reversion assay, and the S9 liver microsomal fraction was 
required to induce genetic activity in this test system (MacPhee and 
Podger, 1977; Lake and de la Iglesia, 1981); however, the medical 
grades of pyrvinium pamoate that are marketed in Mexico are also muta- 
genic in the absence of the metabolic activation system (Espinosa et 
al., 1981; Cortinas de Nava et aZ., 1983). The drug was also mutagenic 
in a haploid (strain XV185-14C) yeast reversion test (Galindo, 1979; 
Galindowes az., 1079s-Hennig= ee e2., 1981s Menta 22 a7. 1982) > and in 


a diploid (strain D5) mitotic recombination and gene conversion assay 
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(Hennig et al., 1981; Mehta et al., 1982). Pamoic acid was nonmutagen- 
ic in strains TA98 and TA100 of Salmonella typhimurtum (Lake and de la 
Iglesia, 1981), and monopotassium pamoate was found to be nontoxic and 
nonmutagenic in strains XV185-14C and D5 of Saccharomyces cerevistae 
(Mehta et al., 1982). The monopyrvinium salts, pyrvinium chloride and 
pyrvinium iodide, are strong mutagens in both the haploid and diploid 
yeast assays (Mehta et al., 1982), thus it is evident that the pyrvin- 
ium moiety is responsible for the genetic activity of pyrvinium pamoate. 
Several medical grades of pyrvinium pamoate, which fulfilled the 
Specifications described in the "United States Pharmacopeia" (USP XX, 
1980), and the USP reference standard of the drug were examined for 


genetic activity and chemical purity. 


METHODS AND MATERIALS 


High Pressure Liquid Chromatography 

Reversed-phase HPLC was performed utilizing a high pressure liquid 
chromatograph (Waters ALC 202/401) that was equipped with a uBondapak 
Cig column. This reversed-phase column consists of a monomolecular 
layer of organosilane that is bonded to a pellicular silica packing. 
The chromatographic solvent system was methanol :water (90:10), the 
solvent flow rate was 0.5 ml/min at an inlet pressure of 2500 psig, and 
the chart speed was set at 0.5 cm/min. 

The fluorescent intensity of the column eluent was measured contin- 
uously with a fluorometer that was equipped with an entrance filter 


(range 300-480 nm) and a 389-nm emission filter (range 375-405 nm). 
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The excitation wavelength was set at 355 nm and the range and sensi- 


tivity were maintained at 1.0 yA and 4.00, respectively. 


Pyrvinium Pamoate 

Monopotassium pamoate (Sigma Chemical Company), pyrvinium iodide 
(Delmar Chemicals), the USP reference standard (A) of pyrvinium pamoate 
(lot F2), and medical grades B, C, D, and E of pyrvinium pamoate were 
used as supplied by the manufacturers and prepared for HPLC analysis 
by dissolution in methoxyethanol to a final concentration of approxi- 
mately 1 mg/ml. The medical grades and dosage forms of pyrvinium pamo- 
ate were supplied by Parke-Davis Canada Incorporated, Charles E. Frosst 
& Company, ICN Canada Limited, and Laboratorios Columbia. 

For the mutagenicity assays, 16 mM stock solutions (18.4 mg/ml) of 
the USP reference standard and each medical grade of pyrvinium pamoate 
were prepared in dimethylsulfoxide (DMSO); when required, the stock 
solutions were diluted with DMSO. The solutions were stored in glass- 
ware that was wrapped with aluminum foil to prevent the light-catalyzed 
degradation of pyrvinium pamoate (Beckstead and Smith, 1967; Mehta et 


abe A982). 


Dosage Forms 

One tablet of each of three brands of pyrvinium pamoate (B, C, and 
D) was finely powdered with the aid of a mortar and pestle, dissolved 
in 15 ml of methanol, agitated manually for 5 minutes, and then allowed 
to settle. The tablet excipients precipitated on standing and the 
Supernatant was used in the HPLC analysis. 

The tablets were not assayed for drug content and the labeled 


strength of each tablet (75 mg pyrvinium pamoate) was assumed. In the 
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qualitative HPLC analyses, the concentration of pyrvinium pamoate in 


the methanol supernatant was estimated to be 5 mg/ml. 


Yeast Strains 

Strain XV185-14C of Saecharomyces cerevisiae has the genotype 

a ade2-1 arg4-17 lys1-1 trp5-48 hts1-7 hom3-10; 

his1-7 1S a missense mutation, hom3-10 is a putative frameshift muta- 
tion, and ade2-1, arg4-17, lysi1-1, and trp5-48 are ocher nonsense muta- 
tions. Strains XY718-1A (genotype a his4-519 Lleu2-3) and 7854-1A 
(genotype a his4-38 leu2-3) contain the frameshift mutations his4-519, 
his4—66, and leue—s (Culbertson et al.. 1977). 

The diploid strain D5 of Saecharomyces cerevistae (Zimmermann, 
1973) is heteroallelic for two complementing mutations of the ade2 
locus: ade2-119, which is a slightly leaky allele with a pink pheno- 


type, and ade2-40, which is a nonleaky allele with a red phenotype. 


a trpi-1 ade2-40 MALI a 


The genotype of this strain See z eR) eee 


Bacterial Strains 

The Salmonella typhimuriwn strains TA98 (genotype A2sD3052 rfa 
AuvrB) and TA100 (genotype AtsG46 rfa AuvyrB), both of which carry the 
pKM101 plasmid, were donated by Dr. Bruce N. Ames (University of Cali- 
fornia at Berkeley). The strains were stored at -/0°C and their genet- 
ic markers have been checked routinely for histidine auxotrophy, sensi- 
tivity to crystal violet, sensitivity to ultraviolet radiation, and 
ampicillin resistance, as described by Ames et al. (1975), and by Maron 


and Ames. (1983). 
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Mutagenicity Assays 

Yeast assays. Stationary-phase cells of strains D5, XV185-14C, 
XY718-1A, and 7854-1A were suspended in phosphate buffer (2x10° cells/ 
ml), as described by Mehta et al. (1982). Either 0.1 ml of a stock 
solution of pyrvinium pamoate, 0.1 ml of DMSO, or 0.1 ml of double- 
distilled water was added to 3.9 ml of the cell suspension of each 
yeast strain. The reaction mixtures were incubated at 30°C in a water- 
bath shaker and aliquots were withdrawn at 2-, 3-, 6-, 10-, and 24-hour 
intervals. These samples were washed twice and a series of dilutions, 
wherever necessary, were prepared in phosphate buffer (pH 7.0). 

The various media that were used have been described previously 
(von Borstel et al., 1971). Mortimer complete (MC) medium with a 
growth-limiting concentration of adenine (5 ug/ml) was used to score 
for mitotic recombination and gene conversion in strain D5, whereas 
omission media were used to detect revertants in strains XV185-14C, 
XY718-1A, and 7854-1A. The plates were incubated at 30°C and scored 
after 5-10 days. Coreversion analyses were carried out with strains 
XY718-1A and 7854-1A by replica-plating the H#zs* and LEU revertants 
onto MC minus leucine and MC minus histidine media, respectively. 

Bacterial assays. Strains TA98 and TA100 of Salmonella typhitmur- 
tum were cultured in L-broth (tryptone 1.2%, NaCl 1.0%, yeast extract 
0.5%, dextrose 0.1%) at 37°C for 16 hours to attain stationary-phase 
cells. The mutagenicity assays were performed as described by Ames et 
al. (1975), and by Maron and Ames (1983). Each treatment tube contained 
0.1 ml of stationary-phase bacterial culture (approximately 10° bac- 
teria), 0.1 ml of drug solution (dissolved in DMSO) or DMSO, 0.5 ml S9 


mix or 0.5 ml of 0.1 M sodium phosphate buffer (pH 7.4), 2.0 m1 of 
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molten top agar (0.6% Difco agar and 0.5% NaCl), and 0.2 ml of 0.5 mM 
histidine-HC1-0.5 mM biotin solution. 

The contents of the treatment tubes were poured onto minimal- 
glucose agar plates (Vogel-Bonner E medium plus 1.5% Difco agar and 
2.0% glucose). Once the top agar had solidified, the plates were incu- 
bated at 37°C and, after 48 hours of total incubation time, the Azst 
revertants were scored. 

Each ml of S9 mix contained 0.1 ml rat liver homogenate, 3.0 
umoles NADP, 3.0 umoles glucose-6-phosphate, 8.0 umoles MgCl2, 33.0 
umoles KCl, and 84.7 umoles of 0.1 M sodium phosphate buffer (pH 7.4). 
The activity of the S9 liver microsomal fraction was confirmed with 
positive controls that required metabolic activation to be mutagenic; 
cyclophosphamide (Sigma Chemical Company) induces base-pair substitu- 
tions and 2-acetylaminofluorene (Lancaster Synthesis Limited) causes 


frameshift mutations. 


RESULTS 


The difference in the physical appearance of the various medical 
grades of pyrvinium pamoate was apparent immediately. The USP reference 
standard (A) and medical grades B and C were bright red in color, 
whereas the color of products D and E was a dark brown. The mono- 
pyrvinium salts, pyrvinium chloride and pyrvinium iodide, were also 
dark brown in color. Similarly, a sample of medical grade B that had 
been exposed to room and window light for 9 months was dark brown in 


color. These color differences also appeared in the methanol extracts 


_s daw is niahailen al 


/ 
Hh ; | ieee? sive n 


& : ’ « ifn 
_ | pov h a 7 si ort St : wy i¢ cae 


‘y ae re) i wie 


_< . — 7 am eat pedis. nes lp 3 46.5 
: : : 
; Prrale gf \etiee aahe, shan 


| sre oon 


rife o| Ofrevs ota DE So te ee 


7 o 7 ‘ sy - 
e Sen? oer ne; i). papas 


ani ean: c, Ye Sing ‘ > Hae ean gsi 
: : 7 

‘impoune F emcneh = orem iT 

i*, ehoriaga out 


S 


Leak) wget y altmalgcoran 
, ane iol Twn 1904-2 se tm - 
‘na I< Vere ee - 
7 
_ 


bo . : 
; . 7 <4 J 
if, “3 maya tgha oteddy 000 th cheemgite®. ap) y 


i oi ja ; al aT or qurat eng Wi. a we 


am > say 
| ca 0 ne talbac hea Age i enell teartlihar ata 
- nies 

owe'4 é i ’ i ' Be) rear y Se ee 


; afte onet, wilas iN) ARive ve ana wa 
7 a. 


weary trsther a Signer bh. 4 ei pina 
> - ; 7 > ee 
uy aang. at fel alannah 


81 


of the tablets, except that the extract of tablet C was a much darker 
red color than that of tablet B and, in addition, it had acquired a 


brownish hue. 


HPLC Analysis 

Although normal-phase thin-layer chromatography (TLC) using a 
chloroform:ethanol (7:3) solvent system provided an adequate separation 
of the components of pyrvinium pamoate (Beckstead and Smith, 1967; 
Mehta et al., 1982), TLC was not a suitable separation technique for a 
compound as unstable as pyrvinium pamoate because the preparative TLC 
procedure itself appeared to promote the rapid breakdown of the various 
components. The high affinity of pyrvinium pamoate for the silica gel 
rendered a quantitative extraction difficult to achieve (H.D. Beckstead 
and C.H. Barnstein, personal communications; Mehta et aZ., 1982) and 
excluded the use of normal-phase HPLC. Reversed-phase HPLC has been 
found to be the most suitable method for separating the impurities in 
medical grades of pyrvinium pamoate. 

The optimum conditions for the HPLC analysis of pyrvinium pamoate 
include a solvent system that contains at least 80% of a polar organic 
solvent such as methanol, and a solvent flow rate between 0.5 ml and 
1.0 ml/min. If less than 80% of organic solvent was used, the column 
required frequent rinsing with 100% methanol and lengthy re-equilibra- 
tion periods with the eluting solvent system. 

The separation of the pamoate moiety from the pyrvinium moiety was 
achieved readily with a methanol:water (90:10) solvent system. The 
identities of the pamoate and pyrvinium moieties were confirmed with 


the fluorescence high pressure liquid chromatograms of the appropriate 
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reference standards, which were monopotassium pamoate and pyrvinium 
iodide (Figure 5). The trans-isomer of pyrvinium iodide, which appears 
to be the most abundant of the geometric isomers (this volume, p. 129), 
had a retention time of 8 minutes (Figure 5). 

In the separation of the components of pyrvinium pamoate, the pam- 
oate fraction had a shorter retention time (4 minutes) than did the 
pyrvinium moiety (8 minutes), and it was always the first component 
that was eluted from the column (Figures 6 and 7). The additional peak 
(at a retention time of 10 minutes) in the USP reference standard of 
pyrvinium pamoate (Figure 6, A) appears to correspond to the additional 
spot at Re 0.26 (see Table 2 and Figure 3) that was observed when the 
USP reference standard and a medical grade of the drug were compared by 
TLC analysis (Beckstead and Smith, 1967; Mehta et aZ., 1982). An exam- 
ination of the HPLC data (Figure 6) reveals that medical grades C, D, 
and E contain greater quantities of the pyrvinium moiety than do 
samples A and B. This is apparent when the peak height is compared to 
the quantity of pyrvinium pamoate that had been injected. 

Medical grades B and C of pyrvinium pamoate (Figure 6) and the 
methanol extracts of their respective dosage forms (Figure 7) did not 
differ significantly in chromatographic character. It is evident in 
Figures 6 and 7 that medical grades C and D and their tablets, as well 
as medical grade E, contained a greater number of separable components 
than did medical grade B and its tablets. The number and relative 
quantities of the impurities were much greater in tablet D than in the 
corresponding medical grade, and the component at a retention time of 
10 minutes (Figure 7) was especially prominent. Medical grade B of 


pyrvinium pamoate and its tablets exhibited the fewest impurities. 
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Mutagenicity Studies 

The USP reference standard (A) and medical grades B and C of pyr- 
vinium pamoate did not exhibit genetic activity in the diploid strain 
D5 of Saccharomyces cerevisiae after a 2-hour treatment period, but 
after longer periods of exposure (6, 10, and 24 hours) these three 
samples of the drug induced mitotic recombination and increased the 
frequency of aberrant colonies (Table 9). In contrast, medical grades 
D and E of pyrvinium pamoate induced significant increases in mitotic 
recombination and aberrant phenotypes after both shorter and longer 
incubation periods. As is demonstrated by the survival data in Table 9, 
samples D and E were quite toxic to the cells, however, greatly 
enhanced levels of aberrant colonies and mitotic recombination were 
produced, even as the survival declined. 

In the haploid strain XV185-14C of Saccharomyces cerevtstae, the 
USP reference standard (A) and medical grades B and C of pyrvinium pam- 
oate did not increase the Eee ey of HIS+ and HOMt revertants until 
the cells had been treated for 24 hours, whereas considerable increases 
in the frequency of #ISt, ARGt, and HOMt revertants were observed with 
medical grades D and E after 2 hours or more of treatment (Table 10). 
Medical grades D and E are potent mutagens and, as is indicated by the 
Survival data in Table 10, both samples were highly toxic; the rever- 
sion frequencies continued to increase with prolonged incubation 
periods despite this drastic decrease in survival. 

In strains XY718-1A and 7854-1A of Saccharomyces cerevtstae, the 
USP reference standard (A) and medical grades B and C of pyrvinium pam- 
oate increased the frequencies of #IS* and LEUt revertants above the 


spontaneous levels (Tables 11 and 12). An enhancement of these 
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reversion frequencies was observed as the time of exposure to samples 
A, B, and C was increased. Strain 7854-1A appeared to be more sensi- 
tive to the toxic effects of pyrvinium pamoate since it had a lower 
survival rate than strain XY718-1A at 10 hours and 24 hours of exposure 
to the drug. The results of the coreversion tests that were performed 
on the #IS* revertants indicate that the frequencies of locus and 
Suppressor events were not significantly different (Tables 11 and 12), 
however, there is a discernible trend toward reversion at the locus in 
Strain 7854-1A, although this tendency is not entirely consistent 
(Table 12). The coreversion analyses of the LEUt+ revertants revealed 
that the majority of the reversion events had occurred at the leu2-3 
locus, with very few suppressor events (Tables 11 and 12). Medical 
grades D and E of pyrvinium pamoate increased the AIS* and LzUt rever- 
Sion frequencies considerably and appeared to induce locus and suppres- 
sor events with equal frequencies (Tables 11 and 12). Due to the tox- 
icity of medical grades D and E, no revertants were obtained at 24 
hours of exposure. It is possible that lower concentrations of medical 
grades D and E would induce detectable levels of revertants in strains 
XY718-1A and 7854-1A at 24 hours. 

A noteworthy observation is the apparent increase in viability of 
the cell samples that had been treated with medical grades A, B, or C 
of pyrvinium pamoate (Tables 9-12). This is an artefact that was due 
to the effect of a semisolid matrix, which formed in each of the treat- 
ment tubes during centrifugation because of the limited aqueous solubil- 
ity of pyrvinium pamoate (Mehta et aZ., 1982). The drug matrix trapped 
many of the cells, thus fewer cells were lost from the treatment tubes, 


as compared to the control tubes, in the subsequent washing procedures. 
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The USP reference standard (A) and medical grades B and C of pyr- 
vinium pamoate did not increase the number of hist revertants above 
the spontaneous level in strains TA100 and TA98 of Salmonella typhitmur- 
tum when the metabolic activation system was absent. In fact, these 
particular samples appeared to be toxic since a continuous bacterial 
lawn was not visible on the plates, and the number of revertants 
induced by DMSO, the negative control, was 3-fold higher in strain 
TA100 without the S9 fraction (Table 13). Metabolic activation was 
required to elicit an approximately 5-fold increase of revertants in 
Strain TA100 and a 7-fold increase in strain TA98 when samples A, B, 
and C of pyrvinium pamoate are compared to DMSO (Table 13). In compar- 
ison to the small number of Azst revertants that were induced by 
samples A, B, and C in the absence of mammalian microsomes, the addi- 
tion of the S9 mix to the bacterial assay resulted in a 10-fold 
increase of revertants in strain TA100 and a 2-fold increase in strain 
TA98 (Table 13). 

In strains TA10O and TA98 of Salmonella typhtmurtum, medical 
grades D and E of pyrvinium pamoate increased the number of fist rever- 
tants 2.5-fold over the control in the absence of rat liver microsomal 
enzymes, and 4-fold in the presence of the S9 mix (Table 13). The 
mutagenicity of samples D and E in strain TA100 was not enhanced by rat 
liver microsomes, and less than a 2-fold difference in the number of 
histidine prototrophs was evident in strain TA98 when the S9 mix was 
present (Table 13). Medical grades D and E of pyrvinium pamoate were 
highly mutagenic, both in the presence and in the absence of the meta- 


bolic transformation system. 
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DISCUSSION 


The results of the experiments in Saccharomyces cerevistae 
(strains D5, XV185-14C, XY718-1A, and 7854-1A) and Salmonella typhimur- 
zum (strains TA100 and TA98) have demonstrated that medical grades D 
and E of pyrvinium pamoate are potent mutagens in, and highly toxic to, 
yeast and bacteria. All of the samples of pyrvinium pamoate induced 
dramatic increases in the frequency of mitotic recombination, when com- 
pared with the frequencies of other types of aberrant colonies, in 
Strain D5 of Saccharomyces cerevtstae. Mitotic recombinants represent 
approximately 50% of the total aberrant phenotypes after 6 hours and 
10 hours of exposure, and about 75% of the genetic events after 10 
hours and 24 hours of exposure (Table 9). 

The USP reference standard (A) and medical grades B and C of pyr- 
vinium pamoate required a long treatment period (24 hours) to elicit a 
mutagenic response in strain XV185-14C of Saccharomyces cerevtstae, 
whereas medical grades D and E were powerfully mutagenic at only 2 
hours of exposure (Table 10). All of the samples of pyrvinium pamoate 
were mutagenic in strain XV185-14C, inducing base-pair substitution 
mutations at the kisi-7 locus and frameshift mutations at the hom3-10 
locus. ARGt revertants are believed to arise primarily from the induc- 
tion of base-pair substitutions of the transversion class (von Borstel 
et al., 1973). As is evident in Table 10, whenever mutation induction 
takes place the frequency of ARGt revertants is quite low when compared 
with the frequency of HISt revertants. Since reversion to #ISt can 
occur through base-pair transitions, it seems likely that most of the 


mutations that are induced by medical grades A, B, and C of pyrvinium 
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pamoate are base-pair substitutions of the transition class. 

All of the medical grades of pyrvinium pamoate induced frameshift 
mutations in strains XY718-1A and 7854-1A of Saccharomyces cerevisiae. 
The results of the coreversion tests performed on the #ISt+ revertants 
indicate that pyrvinium pamoate causes locus and suppressor events with 
equal frequencies, whereas the coreversion analyses of the LEU+ rever- 
tants revealed predominantly Zeu2 locus events. 

In Salmonella typhtmurtum, the USP reference standard (A) and 
medical grades B and C of pyrvinium pamoate induced base-pair substitu- 
tion mutations (detected with strain TA100) and frameshift mutations 
(detected with strain TA98) only in the presence of the rat-liver meta- 
bolic transformation system. Therefore, pyrvinium pamoate, as charac- 
terized by samples A, B, and C, is a promutagen that is converted to a 
mutagen by mammalian liver microsomes. 

In the presence of the S9 mix, medical grades D and E were 44 
times as mutagenic as samples A, B, and C in strain TA100, and 32 times 
as mutagenic in strain TA98, when their specific potencies (revertants/ 
ug medical grade) were compared (Table 13). Medical grades D and E of 
pyrvinium pamoate induced frameshift and base-pair substitution muta- 
tions in Salmonella typhimurium, both with and without metabolic acti- 
vation. Clearly, these medical grades of pyrvinium pamoate contain a 
contaminant (or contaminants) that does not require metabolic activa- 
tion to be mutagenic. All of the samples of this drug exhibited 
genetic activity in the yeast assays because yeast has polysubstrate 
monooxygenases (cytochrome P-450), which can metabolize promutagens 
into mutagens (Callen and Philpot, 1977). 


In general, the apparent correlation between the degree of genetic 
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activity and toxicity of the medical grades of pyrvinium pamoate, and 
the number and relative quantity of impurities found in each sample, 

is particularly striking. Although these impurities may account for 
the enhanced genetic activity of medical grades D and E (Tables 9-13), 
there is compelling evidence that suggests that the pyrvinium concen- 
tration is the major contributing factor. First, it has already been 
established that light-catalyzed degradation, hence the improper stor- 
age of the drug, is not responsible for the genetic activity of pyrvin- 
ium pamoate (Mehta et aZ., 1982). Second, the highly mutagenic sample 
of pyrvinium pamoate, which is comparable to medical grades D and E in 
genetic activity, was nearly as active genetically as the monopyrvinium 
salts, pyrvinium chloride and pyrvinium iodide, in strain D5 of yeast 
(Mehta et al., 1982). Third, the discrepancy between the peak height 
and the relative quantity of pyrvinium pamoate that had been injected 
is particularly striking. For example, 10 ug of B and 5.5 ug of D were 
analyzed under identical experimental conditions (Figure 6), yet D 
appears to contain twice as much pyrvinium when compared to B. It 
seems obvious that this discrepancy is due to the presence of monopyr- 
vinium salts in some of the medical grades of pyrvinium pamoate. 

A published method for the synthesis of pyrvinium pamoate involves 
the reaction between pyrvinium methylsulfate and disodium pamoate 
(Swinyard and Harvey, 1970; Swinyard, 1980). An incomplete chemical 
reaction between a monopyrvinium salt and a pamoate salt during the 
synthetic procedure could be expected, and this would account for the 
presence of monopyrvinium salts in certain medical grades of pyrvinium 
pamoate. 


Medical grade C is not more mutagenic than samples A and B (Tables 
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9-13), yet it is obvious that medical grade C has a higher pyrvinium 
content (Figure 6), thus it would be expected to exhibit enhanced muta- 
genicity, although not to the levels of medical grades D and E. Until 
more information is available on the identity and purity of the 
reagents and precursors that are used in the synthesis of pyrvinium 
pamoate, the question of the low genetic activity of medical grade C 
must remain unresolved. 

Monopyrvinium salts, such as pyrvinium chloride and pyrvinium 
iodide, are absorbed systemically and cause renal damage that was 
believed to be reversible upon the withdrawal of the drug (Hales and 
Welch, 1953; Weston et al., 1953). Pyrvinium pamoate is not absorbed 
significantly from the gastrointestinal tract (Rollo, 1980) and it is 
less active genetically than either pyrvinium chloride or pyrvinium 
jodide (Mehta et aZ., 1982). Monopyrvinium salts may be present as 
contaminants or incomplete reactants in some medical grades of pyrvin- 
jum pamoate and this could account for the enhanced genetic activity 


of medical grades D and E (Tables 9-13). 
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Injected pyrvinium iodide (11 jg) 
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Fluorescence high pressure liquid chromatograms for mono- 
potassium pamoate (injection volume 5 ul) and pyrvinium 
iodide (injection volume 10 ul), respectively. The 
methanol:water (90:10) solvent flow rate was 0.5 ml/min 


for each sample. 
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FIGURE 6. 


Fluorescence high pressure liquid chromatograms for the 
USP reference standard (A) and the manufacturers' house 
standards (B-E) of pyrvinium pamoate. The methanol:water 
(90:10) solvent flow rate was 1.0 ml/min for C and 0.5 
ml/min for the other samples. Injection volumes were 
10ValeforAvands 8s 5 al forsC and. Deweandrc lon ee 

The numbers 1 and 2 represent the pamoate and pyrvinium 


moieties, respectively. 
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FIGURE 7. 


Fluorescence high pressure liquid chromatograms for the 
methanol extracts of commercially available pyrvinium 
pamoate tablets. The letters B, C, and D correspond to 
the manufacturers of the house standards in Figure 6. 
Injection volumes were 10 ul and the methanol :water 
(90:10) solvent flow rate was 0.5 ml/min for each 
sample. The numbers 1 and 2 represent the pamoate and 


pyrvinium moieties, respectively. 
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ARTICLE III 


An Evaluation of the Genetic Activity of Pyrvinium Pamoate 
and Several Other Anthelmintic Drugs 


in Saccharomyces cerevtstae 
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ABSTRACT 


Several anthelmintic drugs that are used routinely in oxyuriasis 
therapy were analyzed for potential genetic activity in a diploid 
mitotic recombination and gene conversion assay (strain D5 of Saccharo- 
myces cerevistae), and in a haploid yeast reversion assay (strain 
XV185-14C). Piperazine citrate, piperazine adipate, mebendazole, 
thiabendazole, and pyrantel pamoate did not appear to be active 
genetically in either yeast strain, whereas pyrvinium pamoate was 


mutagenic in strain XV185-14C and recombinogenic in strain D5. 


INTRODUCTION 


Pyrvinium pamoate, pyrantel pamoate, piperazine citrate, piper- 
azine adipate, mebendazole, and thiabendazole are anthelmintic drugs 
that are used routinely in the treatment of pinworm infestations. Al] 
of these drugs have prescription-only status in the United States, how- 
ever, the U.S. Food and Drug Administration has made a tentative 
decision to accept the recommendation to recategorize pyrantel pamoate 
as a nonprescription drug (Federal Register, 1980; Pettinato, 1982). 
In Canada, mebendazole and thiabendazole can be procured only with a 
prescription, whereas pyrvinium pamoate, pyrantel pamoate, and the 
piperazine salts are over-the-counter products that are available for 
self-medication and they can be obtained only in pharmacies. Mexico 
does not have an official pharmacopeia and there is ready access to 


most drugs, including anthelmintic drugs, for self-medication by the 
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general public. 

Several anthelmintic drugs have been evaluated for mutagenicity in 
bacterial assays. Tutikawa et aZ. (1978) found pyrvinium pamoate and 
pyrantel pamoate to be nonmutagenic when tested in a recombination- 
deficient strain of Bactllus subttlts, however, DNA-damaging products 
were generated when each compound was mixed with sodium nitrite in an 
acidic medium at 37°C. These mixtures gave positive results for muta- 
genicity in several strains of Salmonella typhtmurium and Escherichia 
colt. Since nitrites act on DNA to produce miscoding lesions (Stein- 
berg and Thom, 1940a,b; Vielmetter and Schuster, 1960a,b; Laval and 
Boiteux, 1983), the mutagenicity observed in the system of Tutikawa 
et al. (1978) need not be attributed to pyrvinium pamoate and pyrantel 
pamoate. 

MacPhee and Podger (1977) reported that pyrantel pamoate, thia- 
bendazole, piperazine citrate, and piperazine adipate were not mutagen- 
ic in Salmonella typhtmurtum and that pyrvinium pamoate was mutagenic 
only when the S9 liver microsomal fraction was added to the assay. 
Similarly, Lake and de la Iglesia (1981) noted that pyrvinium pamoate 
induced mutations in Salmonella typhimurtum only in the presence of rat 
or human liver microsomes. 

Cortinas de Nava et az. (1983) tested mebendazole, pyrantel pamo- 
ate, and pyrvinium pamoate in Salmonella typhimurtwm and found that 
mebendazole and pyrantel pamoate were not mutagenic, but all of the 
batches of pyrvinium pamoate were mutagenic with and without activation 
by the $9 liver microsomal fraction. Similar results were obtained by 
Hennig et al. (1984), but only for two brands of pyrvinium pamoate; the 


remainder of the brands that were tested required metabolic transforma- 
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tion to be mutagenic in strains TA100 and TA98 of Salmonella typhi- 
murtum. The samples of pyrvinium pamoate that were tested by MacPhee 
and Podger (1977) and Lake and de la Iglesia (1981) required activation 
to be mutagenic in Salmonella typhimurtum. A possible explanation for 
the contradictory results is that the genetic activity of the brands 

of pyrvinium pamoate that are marketed in Mexico may be due to impuri- 
ties that do not require metabolic activation to be mutagenic. Evi- 
dence for impurities in medical grades of pyrvinium pamoate has been 
disclosed by Mehta et aZ. (1982) and Hennig et az. (1981, 1984). 

Pyrvinium chloride, pyrvinium iodide, and several brands of 
pyrvinium pamoate have been tested in Saccharomyces cerevisiae (Mehta 
et al., 1982; Hennig et al., 1984). These studies indicated that 
pyrvinium salts are mutagenic in haploid yeast and increase the fre- 
quency of aberrant colonies in diploid yeast. 

In the present investigation, the anthelmintic drugs that are used 
routinely in the treatment of infestations of the common pinworm, 
Enterobtus (Oxyuris) vermicularts, were evaluated for genetic activity 
in Saeeharomyces cerevistae. Mebendazole, piperazine citrate, and 
pyrvinium pamoate are the products that are used most commonly for oxy- 
uriasis therapy in humans, thus samples from several pharmaceutical 


companies have been tested. 
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MATERIALS AND METHODS 


Yeast Strains 

Reverse mutations were studied in the haploid strain XV185-14C of 
Saeeharomyces cerevtstae. The genotype of this strain is 

a ade2-1 arg4-17 lys1-1 trp5-48 hts1-7 hom3-10; 

ade2-1, arg4-17, lys1-1, and trp5-48 are suppressible ocher nonsense 
mutations, Ats1-7 is a missense mutation, and hom3-10 is a putative 
frameshift mutation. 

The genotype of the diploid strain D5 (Zimmermann, 1973) of 
Saecharomyces cerevtstae is 


a trpi-1 ade2-40 MAL1 + 
a Ar ade2-119 + MAL4 


In this strain, mitotic recombination results in sectored colonies with 
red-pink or red-pink-white phenotypes, and red, pink, red-white, or 
pink-white colonies are produced as a consequence of mitotic gene con- 


version or mutations in the ade2 gene. 


Mutagenicity Assays 

The anthelmintic drugs were used as supplied by the manufacturers: 
pyrvinium pamoate (Parke-Davis Canada Incorporated and Laboratorios 
Columbia, SA), pyrantel pamoate (Pfizer Company Limited), piperazine 
citrate (Burroughs Wellcome Limited and Laboratorios Kan, SA), piper- 
azine adipate (Glaxo Laboratories, a division of Allen & Hanburys), 
mebendazole (Ortho Pharmaceutical [Canada] Limited and Laboratorios 
Columbia, SA), and thiabendazole (Merck, Sharp & Dohme Canada Limited). 

Stock solutions of pyrvinium pamoate (18.4 mg/ml) were prepared in 


dimethylsulfoxide (DMSO) and 0.1 ml was added to the treatment tubes. 
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The other anthelmintic drugs have a very limited solubility in DMSO, 
and in aqueous media, therefore stock solutions were not prepared for 
piperazine citrate, piperazine adipate, mebendazole, thiabendazole, and 
pyrantel pamoate. Instead, the appropriate quantity of each of these 
compounds was added directly into the treatment tubes. 

The molarities that were used in the analysis of piperazine 
citrate (1/3 of the molarities that were used for piperazine adipate) 
provided an equivalent weight of piperazinium ion (see Figure 8). This 
permitted a direct comparison of the active ingredient of these two 


piperazine salts (Tables 16 and 17). 


Reversion Assay (Strain XV185-14C) 

Cells that had been grown on YEPD-agar (1.0% yeast extract, 2.0% 
peptone, 2.0% dextrose, and 1.5% agar) for 48 hours were inoculated 
into liquid YEPD medium. Inocula of 1x10’ cells/ml and 1x10° cells/ml 
were incubated at 30°C to achieve stationary- and logarithmic-phase 
cells, respectively. For the mutagenicity assays, which have been 
described by Mehta et al. (1982), cell suspensions (5x10’ - 1x10° 
cells/ml) of each yeast culture were prepared in phosphate buffer 
(pied .O). 

The treatment tubes, which contained the appropriate quantity of 
each drug plus 0.1 ml of DMSO, and the control tubes, which contained 
0.1 ml of DMSO, each received 3.9 ml of cell Suspension. These reaction 
mixtures were incubated at 30°C in a waterbath shaker. At several time 
intervals, cell samples were removed, washed in 50 ml of 2.5% DMSO by 
centrifugation, and resuspended in 4.0 ml of buffer. Undiluted samples 


were plated onto the appropriate omission media (MC minus arginine, MC 
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minus tryptophan, MC minus histidine, and MC minus threonine), which 
have been described by von Borsitel ef\a72-(1971), and incubated at 30°C 
for 4-6 days. Diluted samples were spread onto YEPD-agar plates for 


the survival estimation. 


Mitotic Recombination and Gene Conversion Assay (Strain D5) 

The procedures for this assay were similar to those described for 
the haploid reversion assay except that initial inocula of 1x10* cells/ 
ml and 1x10° cells/ml were used to grow logarithmic- and stationary- 
phase cells, respectively. Diluted samples were plated onto YEPD-agar, 
which contains a low concentration of adenine, and incubated at 30°C 
for 7-10 days. These plates were then scored for survival and the 


color development of adenine-dependent colonies. 


RESULTS AND DISCUSSION 


The apparent enhancement of cell viability that is suggested by 
the survival data in Tables 14-17 is an artefact caused by the semi- 
solid drug matrix that is precipitated during the centrifugation pro- 
cess (Mehta et al., 1982). This apparent enhancement of cell survival 
is not real and is characteristic of drugs that have a limited solubil- 
ity in aqueous media. 

Due to their limited solubility, these anthelmintic drugs were 
weighed directly into the treatment tubes. This resulted in saturated 
solutions and the yeast cells should have absorbed the drugs to their 


maximum capacity. In addition, the lipophilic solvent DMSO was used to 
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solubilize as much of each anthelmintic drug as possible, and to 
enhance the absorption of the drugs by facilitating their passage 
across cell membranes. 

Since pyrvinium pamoate has been demonstrated to be a mutagen, it 
served as a positive control; DMSO (5.0% and 2.5%) and water served as 
the negative controls. As is evident from the reversion frequencies 
in Table 15, 5.0% DMSO does not produce a significant increase in 
revertants when it is compared to water, although a decrease in sur- 
vival was observed. 

Mebendazole, thiabendazole, pyrantel pamoate, piperazine citrate, 
and piperazine adipate did not exhibit genetic activity in either 
stationary- or logarithmic-phase cells of yeast (Tables 14-17). The 
frequencies of aberrant colonies were not increased significantly in 
strain D5 (Tables 14 and 16), nor did these anthelmintic drugs produce 
Significant increases in the frequencies of revertants in strain 
XV185-14C (Tables 15 and 17). Also, there was no apparent difference 
between the Canadian and Mexican samples of mebendazole and piperazine 
citrate (Tables 14-17). 

Piperazine citrate, piperazine adipate, and pyrantel pamoate do 
not appear to be toxic to either stationary- or logarithmic-phase cells 
of yeast but mebendazole, thiabendazole, and pyrvinium pamoate caused 
a decrease in survival at 24 hours and 48 hours (Tables 14-17). The 
toxicity of pyrvinium pamoate is already evident after 3 hours of 
exposure (Tables 16 and 17). 

Pyrvinium pamoate exhibited genetic activity in both stationary- 
and logarithmic-phase cells of Saccharomyces cerevistae. In strain D5, 


the frequencies of aberrant colonies (mitotic recombination, gene 
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conversion, and mutation) were increased significantly over the control 
levels (Tables 14 and 16). There appears to be little difference be- 
tween the Canadian and Mexican samples of pyrvinium pamoate when they 
are compared on the basis of their degree of genetic activity in strain 
DS, however, the Mexican sample is much more toxic, as is evident from 
the survival data at 24 hours and 48 hours of exposure to the drug 
(Tables 14 and 16). 

Only in the reversion assay with strain XV185-14C was there a 
marked difference between the Canadian and Mexican samples of pyrvinium 
pamoate. This anthelmintic drug is a potent mutagen and it induces 
reversions of missense, nonsense, and frameshift alleles. At 3 hours 
and 24 hours of exposure of logarithmic-phase cells to the Canadian 
sample of pyrvinium pamoate (Table 17), there was an approximately 
3-fold increase in revertant frequencies (H#ISt, TRPt, and HOMt), 
whereas the Mexican sample (Table 15) induced 10- to 30-fold increases 
in revertant frequencies (#ISt, ARGt, and HOM*) when stationary-phase 
cells of strain XV185-14C were exposed to the drug for 24 hours. 

The pyrvinium moiety is responsible for the mutagenicity of 
pyrvinium pamoate, as has been demonstrated with monopyrvinium salts 
(Mehta et al., 1982). Lake and de la Iglesia (1981) reported that 
pamoic acid was not mutagenic in Salmonella typhimurtum and Mehta et al. 
(1982) found monopotassium pamoate to be nonmutagenic in Saccharomyces 
cerevistae (strains D5 and XV185-14C). 

In the yeast assays, the S9 microsomal fraction was not required 
to elicit a mutagenic response to pyrvinium pamoate since Saccharomyces 
cerevistae possesses cytochrome P-450 activity comparable to the mixed- 


function oxygenase system (also referred to as the polysubstrate 
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monooxygenase system) in mammalian liver (Callen and Philpot, 1977). 
Logarithmic-phase cells of the diploid strain D5, when they have been 
grown on a glucose-containing medium, have about 10X more cytochrome 
P-450 content than logarithmic-phase cells of the haploid strain 
XV185-14C that have been grown under the same conditions (D.F. Callen, 
personal communication; U.G.G. Hennig and D.F. O'Connell, unpublished 
data). 

Pyrvinium pamoate is not absorbed systemically (Rollo, 1980), thus 
this drug should not undergo metabolism in the liver, where the activa- 
tion of a promutagen to a mutagen is expected to take place. Studies 
in mice and humans have demonstrated that mutagenic metabolites do not 
appear in the urine after a single, therapeutic dose of pyrvinium pamo- 
ate (Lake and de la Iglesia, 1981; Cortinas de Nava et al., 1983); the 
24-hour urine samples were tested in Salmonella typhtmurtum. These 
assays indicate that pyrvinium pamoate is not absorbed systemically in 
mammals and thus it cannot be metabolized by the hepatic microsomal] 
enzymes. A localized biotransformation by intestinal microflora would 
be the only source of mutagenic metabolites of pyrvinium pamoate. 

The unexpected mutagenic response to pyrvinium pamoate that was 
obtained without activation by the S9 fraction (Cortinas de Nava et al., 
1983; Hennig et aZ., 1984) can be postulated to be due to impurities in 
the medical grades of the drug. Interestingly, these mutagenic compo- 
nents did not appear in the 24-hour urine samples of the treated mice 
(Cortinas de Nava et aZ., 1983). 

Bellander et al. (1984) have reported that the anthelmintic drug 
piperazine is nitrosated rapidly in vitro. In vivo, the suspected 


carcinogen W-mononitrosopiperazine was found in the gastric juice after 
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30 minutes, and in the 3-hour urine samples, when a therapeutic dose 
of piperazine was administered to fasting, healthy volunteers. The 
Carcinogen V,W'-dinitrosopiperazine was not detected. The concomitant 
administration of an antioxidant, ascorbic acid (vitamin C), resulted 
in a significant inhibition of the nitrosation of piperazine. 

The mechanism of anthelmintic action of the piperazine salts and 
pyrantel pamoate is the production of a neuromuscular blockade in the 
parasite; this is an effect that is also exerted on the host and there- 
fore these agents can be administered only by the oral route. The 
piperazine salts are absorbed readily from the gastrointestinal tract 
and up to 15% of a therapeutic dose of pyrantel pamoate is absorbed 
systemically (Rollo, 1980), however, both piperazine and pyrantel pamo- 
ate cause neurological side effects that are characterized by headaches 
and dizziness. This is especially critical in individuals with renal 
dysfunction, and young children, who are the intended consumers of 
anthelmintic drugs, have compromised kidney function. 

About 10% of a single, therapeutic dose of mebendazole is absorbed 
systemically (Rollo, 1980) and it causes more severe gastrointestinal 
side effects than any of the other anthelmintic drugs (The Medical 
Letter, 1982). Pyrvinium pamoate is mutagenic. The consequences of 
untreated, or inadequately treated, pinworm infestations can include 
the progression of the infestation into the bladder and, more commonly, 
secondary bacterial and/or fungal infections. When these potential 
consequences, as well as the risks and benefits of all of the anthel- 
mintic drugs are considered, pyrvinium pamoate, although mutagenic, 


should not be excluded as an agent in oxyuriasis therapy. 
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FIGURE 8. The structural formulas and the molecular weights of the 
anthelmintic drugs that are used routinely in oxyuriasis 


therapy in humans. 
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ARTICLE IV 


An Analysis of the Structure-Activity Relationships 
Involved in the Mutagenicity of Pyrvinium Salts 
in Saccharomyces cerevtstae: 


A Comparison of the Genetic Activity of Analogs 
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ABSTRACT 


An investigation of the structural requirements for the mutagenic 
action of pyrvinium pamoate and pyrvinium iodide has been carried out 
using two different analogs of the monopyrvinium salt, pyrvinium iodide. 
The genetic activity of the analogs was studied in diploid and haploid 
yeast (strains D5, D7, XV185-14C, XY718-1A, and 7854-1A of Saccharomyces 
cerevisiae) in order to gain information about the structural features 
that are required for the genetic activity of pyrvinium. Substitution 
with a methyl group at the 6-position of pyrvinium iodide did not 
affect the mutagenicity. In comparison to pyrvinium iodide, the methyl- 
analog is of equal toxicity and it induces frameshift and base-substi- 
tution mutations just as readily. In contrast, the methyl-analog 
induces transitions and transversions, whereas pyrvinium iodide only 
induces significant levels of transitions. With the 6-chloro-analog, 
both the toxicity and the mutagenicity were diminished, however, it 
induced transitions and frameshift mutations at frequencies similar to 
the dipyrvinium salt, pyrvinium pamoate, which is less accessible to 
the yeast cells because it does not dissociate as readily as pyrvinium 


iodide. 


oe 


[aa ia a - 
ee 


arr. | 
yy a 


7 : 
ae’ 
| viapitndagape: 
—ae ty Om) hy: 2 Wie oa 
a fi? ‘ be Pit Winey yes  : ia ane Inert ’ =veur 


>» bese AV HTA) ; ine (ier 7a vey grbettos an ala 
Lod .¢ : yes andy 2 6 ‘ 


yf Hh i S-ere af (ox 

¢) 5 iA ian supe | mn 

p i he wey baie pe 
| pact!) 

a 4h le > nee —— oo ae 


iow u “nt 9//.aPies ima Se at es 


the 


ery 

7 

a es 
- ~ 
- 7 


: - 
abet ay ahi) eh eri juses tenes 


eee a ie 


a 
_ 


i h Pip (i bef sie ia bias iyud 
30; = +S2u8 it 
‘ 1.7m Fy ai rtwot a i 


a 
j iar <€ > + roe, 4m ? rs Pee nse. - 
(LAr « att 3) ener? wn ant 


| ” 
i-iside er aee maw te saver fl 


caner@ ‘attes tem ait i 
sh ¥bot 


- 


124 


INTRODUCTION 


Pyrvinium pamoate is mutagenic in bacteria and yeast. The drug 
induces the reversion of nonsense, missense, and frameshift alleles in 
haploid yeast (strain XV185-14C). In strains XY718-1A and 7854-1A of 
Saccharomyces cerevistae, frameshift suppressor mutations and rever- 
sions of the frameshift alleles (hts4-519, his4-38, and leu2-3) are 
induced by pyrvinium pamoate. Relatively pure medical grades of this 
anthelmintic drug predominantly induce transitions in strain XV185-14C 
of Saecharomyces cerevistae. The reversion frequencies that were 
obtained for two ®X174 amber codons in an tn vitro DNA replication 
system that is mediated by 14 bacteriophage replication proteins also 
Suggest that pyrvinium pamoate primarily induces transitions (Razzaki 
et al., 1984). In diploid yeast (strain D5 of Saecharomyces cere- 
vtstae), 50-75% of the aberrant colonies that are induced by pyrvinium 
pamoate are mitotic recombinants and the remainder can arise from other 
genetic events, such as mutations, gene conversion, or chromosome loss 
(Mehta et al., 1982; Hennig et al., 1984). 

The genetic activity varies considerably among the medical grades 
of pyrvinium pamoate that have been tested in yeast. The enhanced 
genetic activity of some of these medical grades has been attributed 
to monopyrvinium salts, which may be present as incomplete reactants 
of the synthetic process used in producing pyrvinium pamoate (Hennig 
et al., 1984). Pyrvinium chloride and pyrvinium iodide, which are 
monopyrvinium salts, are potent mutagens in haploid and diploid yeast 
and, since monopotassium pamoate is nontoxic and nonmutagenic in 


strains XV185-14C and D5 of Saccharomyces cerevtstae, the pyrvinium 
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moiety is responsible for the genetic activity of pyrvinium pamoate 
(Mehta et aZ., 1982). The monopyrvinium salts are more mutagenic than 
pyrvinium pamoate and this is probably due to their smaller molecular 
size (see Figures 2 and 9), and to the fact that they can undergo 
jonization to a much greater extent. This increases the availability 
of pyrvinium molecules for cellular uptake (Mehta et al., 1982). 

To eliminate the impurities in. pyrvinium pamoate, and to determine 
the effect of different functional groups on the mutagenic action of 
this drug, the custom-synthesis of pyrvinium pamoate, pyrvinium iodide, 
and two analogs of pyrvinium iodide was arranged. The difficulty in 
removing the incomplete reactants (monopyrvinium salts) during the 
purification of pyrvinium pamoate has been corroborated by Lancaster 
Synthesis Limited (E. Wildsmith, Director, personal communication). 

The prototype for chemicals that are carcinogens in animals is 
2-aminofluorene (Figure 1). This compound and a metabolite, 2-acetyl- 
aminofluorene, were not mutagenic in Salmonella typhtmurtum unless the 
modified bacterial assay, which incorporates mammalian liver microsomes 
(the S9 fraction) into the system, was used (Ames et aZ., 1972; McCann 
et al., 1975). The genetic activity of 2-aminofluorene has been 
attributed to the free, aromatic amino-substituent, which is W-acetyl- 
ated and W-hydroxylated by hepatic enzymes; W-hydroxy-2-acetylamino- 
fluorene undergoes sulfate conjugation, mediated by sulfotransferases, 
to the ultimate carcinogen that is capable of reacting with protein, 
RNA, and DNA. 

Pyrvinium salts have an aromatic, dimethylamino-substituent at the 
6-position (Figure 9), which can be demethylated by mammalian liver 


enzymes and, therefore, these drugs have the potential for further 
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activation of the type that occurs with 2-aminofluorene and 2-acety]- 
aminofluorene. The replacement of this dimethylamino-substituent 

with either a chloro- or a methyl-substituent was carried out to assess 
the effect that substitution at the 6-position has on the mutagenicity. 
An abolishment of the mutagenicity would suggest that the 6-position 

is the only active site on the pyrvinium molecule, whereas decreased 


or residual mutagenicity would mean that the molecule has more than 


one active center. 


MATERIALS AND METHODS 


Pyrvinium Salts and Analogs 

Pyrvinium pamoate, pyrvinium iodide, and the 6-chloro- and 
6-methyl-analogs of pyrvinium pamoate were custom-synthesized by Lan- 
caster Synthesis Limited (Eastgate, Lancashire, England). The analogs 
have chloro- and methyl-substituents in place of the 6-dimethylamino- 
substituent of pyrvinium iodide (Figure 9). Stock solutions of pyr- 
vinium pamoate (18.2 mg/ml), pyrvinium iodide (8.2 mg/ml), the 
6-chloro-analog (16.0 mg/ml), and the 6-methyl-analog (15.4 mg/ml) were 
prepared in dimethylsulfoxide (DMSO); when required, the stock solutions 


were diluted with DMSO. 


Yeast Strains 
The haploid strains (XV185-14C, genotype a ade2-1 arg4-17 lysI-1 
trp5-48 his1-7 hom3-10; XY718-1A, genotype a hts4-519 Lew2-3; and 


7854-1A, genotype a uts4-38 leu2-3) and the diploid strains 
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a trpl-1 ade2-40 MALI + a ade2-40 
(D5, genotype 3“ F~ aaen-119 + mara 2nd D7, genotype = T5775 


trp5-12 ilv1-92 — 
Prpsaay vices! Of Saecharomyces cerevistae were grown on YEPD-agar 


(1.0% yeast extract, 2.0% peptone, 2.0% dextrose, and 1.5% agar) that 
was supplemented with extra amino acids plus adenine and uracil, at 
30°C for 48 hours. These cells were inoculated into a culture medium 
that consisted of liquid YEPD supplemented with extra amino acids plus 
adenine. The cultures were incubated for 15-17 hours in a waterbath 
Shaker at 30°C to attain stationary-phase cells. The cells were har- 
vested by centrifugation, washed in 0.1 M sodium phosphate buffer 

(pH 7.0), and cell suspensions (5x10” - 1x10°® cells/ml) of each yeast 


Strain were prepared in buffer. 


Mutagenicity Assays 

Detailed procedures for the mutagenicity assays that utilize yeast 
have been described elsewhere (von Borstel et al., 1981lc). Stationary- 
phase cells of yeast (the buffered cell suspensions of strains 
XV185-14C, XY718-1A, 7854-1A, D5, and D7) were dispensed into test 
tubes (3.9 ml/tube). In addition, the control tubes received 0.1 ml of 
DMSO and the treatment tubes received 0.1 ml of a stock solution, ora 
dilution of a stock solution, of a pyrvinium salt or an analog. The 
tubes were incubated at 30°C in a waterbath shaker. Cell samples 
(1.2 ml) were taken at 3-, 8-, and 24-hour intervals, washed twice in 
phosphate buffer, and resuspended in 4.0 ml (strains XV185-14C, D5, and 
D7) or 4.5 ml (strains XY718-1A and 7854-1A) of phosphate buffer. 

For the survival estimation, serial dilutions were prepared in 


buffer and plated onto a complete medium, such as Mortimer complete (MC) 
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or YEPD, or onto MC with limiting adenine (5 ug/ml), which permits the 
color development of adenine-dependent colonies (strains D5 and D7); 
the plates were incubated at 30°C for 3-7 days. Undiluted samples 
were plated onto the appropriate omission media to obtain revertants. 
These plates were incubated for 6 days (strains D7 and XV185-14C) or 
14 days (strains XY718-1A and 7854-1A). The details for the prepara- 
tion of the media have been described by von Borstel et al. (1971). 

MC minus arginine with limiting adenine (5 ug/ml) was the medium 
used to distinguish between events at the arg4 locus (pink revertants) 
and events at the nonsense (ocher) suppressor loci (white revertants ) 
in strain XV185-14C. Coreversion analyses of the HIS* and LEU’ revert- 
ants of strains XY718-1A and 7854-1A were carried out by replica-plating 
to detect locus events (HistLeu~ or His-Leu* phenotypes) and frameshift 


suppressor events (His*Leut phenotypes). 


RESULTS 


The presence of the chloro-substituent at the 6-position of the 
chloro-analog of pyrvinium iodide was confirmed with mass spectrometry 
(Associated Electrical Industries MS9) by positive fast atom bombard- 
ment, using glycerol/sulfolane and direct probe analysis. The mass 
spectral information obtained for the molecular ions of the two most 
abundant isotopes of chlorine is listed as the exact mass and the 
relative abundance (MtC127, 375.145190, 35.75% and MfC1°°, 373.147153, 
100.00%); the exact mass corresponds to that expected for the 6-chloro- 


analog of pyrvinium iodide (Figure 9). 


cantainn wi utntol: yh ot we | 
~efune cep il ee oT, 91San peepee cary ome i 
Aol i8 Pe REN AeeOK? Bet eAts , tau ee re 
meger: DA itd CARRS en” AlORRAR) mn AbaeT cient me? 
vend ia: SOME n@ We int econ. copthaved altar ate Vo. qabis 
welbew od. ce Gietdy Jb @opate holy -antetges cule Ss 
640 fel ~~ © 44.0 feagal Hi f,qe ets GF bem - 

afenul | ores (ho) 4qeeene 2d De OOAnNe Ons 
« péieiers atl a4) Demat pre i 

ws 16 emp, hey eT Sep Eth orange 9a aan 

ah 7 Ty zi eee Goel er 


jaye ipem came OEE QE 


_ 


, 7 
: i 
fy 
_ 7) 
Ms {Oleg 
: a 
ais iy VO oA el at, @ AIT es uscth rel aay ae bectnbene, tte 
oar i «|, sam 49 eiteo ‘we teh vee Ne pel | 


ee 1) i aie qi fey Siete tal i reseutgats 


py ay VOM Va GOT. AWTS LAA ee 


oie falas yt Sb bneel ine pat 10% valet 
ner maaan tae on “ 
sel ae Sead a pipes 7 


7 ive, 4 | 
yah ald ga Ha py oa =~ 


. =) 
Vi | 7 F i? 
: : oe a - a 


129 


Proton magnetic resonance spectrometry (Bruker WH-200 nuclear 
resonance spectrometer) also confirmed the identity of the functional 
groups at the 6-position for pyrvinium iodide and the chloro- and 
methyl-analogs. The concentration of each sample was about 8-10 mg/ml 
DMSO-D;, the tubes had an outside diameter of 5 mm, and DMSO-D; was 
used as the internal standard. The integration patterns and chemical 
shifts correspond to those expected (Figure 9) for pyrvinium iodide 
(5'-CH; at 2.04 ppm, 2'-CH3 at 2.27 ppm, DMSO-D, at 2.54 ppm, 
6-N(CH3)2 at 3.15 ppm, and W-CH3 at 4.39 ppm), the 6-chloro-analog of 
pyrvinium iodide (5'-CH3; at 2.03 ppm, 2'-CH; at 2.30 ppm, DMSO-D, at 
2.52 ppm, and W-CH3 at 4.85 ppm), and the 6-methyl-analog of pyrvinium 
iodide (5'-CH3 at 2.05 ppm, 2'-CH; at 2.32 ppm, DMSO-D, at 2.54 ppm, 
6-CH3; at 2.60 ppm, and W-CH; at 4.44 ppm). In addition, the spin-spin 
coupling constants for the a- and g-hydrogens of the vinyl bond in each 
of these 3 compounds fall into the range of 13-18 cps (J. Giziewicz, 
personal communication), therefore they are trans-isomers (see Figure 
9). 

Pyrvinium iodide induces high levels of aberrant colonies in 
strains D5 and D7 of Saccharomyces cerevisiae (Tables 18 and 19); 
about half of these are mitotic recombinants. At the same dose or at 
lower doses, the monopyrvinium salt, pyrvinium iodide, is much more 
active genetically than the dipyrvinium salt, pyrvinium pamoate. The 
6-methyl-analog of pyrvinium iodide, when compared to pyrvinium iodide, 
is equal in toxicity and it induces equivalent levels of aberrant 
colonies in strains D5 and D7, however, this analog appears to cause 
only half as much mitotic recombination as pyrvinium iodide. In com- 


parison to pyrvinium pamoate, pyrvinium iodide, and the 6-methyl-analog 
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of pyrvinium iodide, the 6-chloro-analog causes fewer aberrant colonies 
and it is less recombinogenic in strains D5 and D7; as the dose and/or 
toxicity increases, the genetic activity decreases. At the lower 
doses, the levels of aberrant colonies induced by the 6-chloro-analog 
of pyrvinium iodide approach those induced by pyrvinium pamoate. 

The pyrvinium salts and the analogs also cause intragenic recom- 
bination in strain D7. Pyrvinium pamoate is the least active, the 
6-methyl-analog is the most active, and pyrvinium iodide is more active 
than the 6-chloro-analog in inducing intragenic recombination. At the 
higher doses of the 6-chloro-analog of pyrvinium iodide (4x10-* M and 
8x10-* M), the frequency of ZRP* colonies drops below the spontaneous 
level (Table 19). 

DMSO does not appear to have a significant effect on the spon- 
taneous 4kGt reversion frequency in strain XV185-14C of Saccharomyces 
cerevistae (Table 20). Pyrvinium pamoate does not increase the fre- 
quencies of suppressor events and the frequencies of locus events drop 
to approximately half of the spontaneous levels. This suggests that the 
base-substitution mutations induced by pyrvinium pamoate are not trans- 
versions. Pyrvinium iodide induced significant increases in locus 
events (AT>TA and/or AT>CG transversions) at 3 hours of exposure, but at 
8 hours and 24 hours, the frequencies of locus events were less than 
the spontaneous levels. Pyrvinium iodide induces suppressor events 
(GC+TA transversions), but only at 2-fold increases over the controls. 
The 6-chloro-analog of pyrvinium iodide does not appear to cause trans- 
versions in strain XV185-14C but it decreased the frequencies of locus 
events to less than the spontaneous levels, at each dose and at each 


exposure time (Table 20). At the highest dose (8x10-* M) there is some 
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evidence that the frequencies of suppressor events is declining gradu- 
ally to less than the control levels. The 6-methyl-analog of pyrvin- 
jum iodide induced significant increases in locus (AT=+TA and/or AT+GC 
transversions) and suppressor (GC+TA transversions) events, although 
Suppressor events predominate. 

HIS* reversion frequencies of nearly 400-fold were induced in 
Strain XV185-14C by pyrvinium iodide, and the 6-methyl-analog is 
almost as mutagenic (Table 21). Pyrvinium pamoate is weakly mutagenic 
at 3 hours and 8 hours (only 2-fold increases in HISt reversion fre- 
quencies), however, 10-fold increases were observed after 24 hours of 
exposure. The 6-chloro-analog of pyrvinium iodide is more mutagenic 
than pyrvinium pamoate, with about 6-fold increases in HIS* reversion 
frequencies. Pyrvinium pamoate does not induce significant increases 
in the ZRP* reversion frequencies, whereas pyrvinium iodide induces up 
to 9-fold increases, however, the TRP* reversion frequency appears to 
be exceptionally low at 8 hours, for both doses of pyrvinium iodide 
(Table 21). The 6-methyl-analog of pyrvinium iodide definitely induces 
mutations and the 7RP* reversion frequencies increased with increased 
doses. With the higher doses of the 6-chloro-analog (2x10-* M, 
4x10-* M, and 8x107* M), the TRPt reversion frequencies were less than 
the spontaneous levels; at the lower doses (5x10-° M and 1x10~* M), the 
6-chloro-analog of pyrvinium iodide is only weakly mutagenic (Table 21). 

Pyrvinium pamoate, pyrvinium iodide, and the 6-methyl-analog of 
pyrvinium iodide induced significant increases in the HOM* reversion 
frequencies; pyrvinium iodide is the most active and pyrvinium pamoate 
is the least active of these frameshift mutagens (Table 21). The 


6-chloro-analog of pyrvinium iodide is a very weak frameshift mutagen. 
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Pyrvinium iodide induced frameshift mutations at the his4 and Leu? 
loci of strains XY718-1A and 7854-1A of Saccharomyces cerevistae but 
Suppressor events, which were identified by the coreversion analysis 
of HISt revertants, appear to be induced only in strain 7854-1A. None 
of the LEU* revertants in strain 7854-1A were corevertants (Tables 22 
and 23). The 6-methyl-analog of pyrvinium iodide induced significant 
increases in locus (his4 and Zeu2) and suppressor events in strains 
XY718-1A and 7854-1A, and these reversion frequencies increased as the 
‘dose was increased. The 6-chloro-analog of pyrvinium iodide induced 
Significant increases in reversions of the #zts4-519 and leu2-3 frame- 
shift mutants, as well as increases in frameshift suppressor events, in 
strain XY718-1A, however, an effect on strain 7854-1A was not apparent 
(Tables 22 and 23). Pyrvinium pamoate does not appear to induce 
frameshift mutations at the kts4 locus in strain XY/718-1A, whereas 
significant increases in HIST reversion frequencies were observed in 
Strain 7854-1A. This dipyrvinium salt appears to have only a weak 
effect, if any, on the Zeu2 locus, and suppressor events were not 


detected in either strain (Tables 22 and 23). 


DISCUSSION 


Pyrvinium pamoate does not induce transversions in strain 
XV185-14C of Saccharomyces cerevistae and pyrvinium iodide induces 
less than 2-fold increases in locus (arg¢) and suppressor (ocher) 
events at 3 hours of exposure. The 6-methyl-analog of pyrvinium 


iodide induces AT+TA, AT+CG, and GC+TA transversions, whereas the 
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6-chloro-analog does not induce transversions. Pyrvinium iodide and 
its 6-methyl-analog induce high levels of transitions, whereas pyrvin- 
ium pamoate and the 6-chloro-analog of pyrvinium iodide only induce up 
to 10-fold increases in #ISt reversion frequencies in strain XV185-14C. 
The Atsi-7 allele can revert by transitions or transversions but the 
transversion data obtained with the arg4-17 allele indicates that the 
pyrvinium salts and the analogs predominantly induce transitions. 
Pyrvinium iodide and its 6-methyl-analog are active as frameshift muta- 
gens in strains XV185-14C, XY718-1A, and 7854-1A of Saccharomyces cere- 
vistae. The 6-chloro-analog is a very weak frameshift mutagen in 
Strain XV185-14C (hom3-10 allele) but it is more active than pyrvinium 
pamoate in strains XY718-1A and 7854-1A. These frameshift mutagens 
(the pyrvinium salts and the analogs) predominantly induce locus (hie4 
and Zew2) events in strains XY718-1A and 7854-1A. 

The induction of frameshift mutations in strain 7854-1A (his4-38) 
by pyrvinium pamoate and the absence of such an effect in strain 
XY718-1A (his4-519) has also been observed with hycanthone (R.C. von 
Borstel, Z-Q. Chen, and R.C. von Borstel II, unpublished data). The 
decrease in the mutation frequencies to below the spontaneous levels, 
which is an effect that occurred at high doses of the 6-chloro-analog 
of pyrvinium iodide, has also been observed after hycanthone mutagen- 
esis (von Borstel and Igali, 1975). For growing cells, a decrease in 
the mutation frequency to below the spontaneous level implies that, at 
high doses of the mutagen, either a mutagenic repair system has become 
saturated or an accurate repair system has been induced (von Borstel, 
1982). For stationary-phase cells, such a decline in the mutation 


frequency implies that the spontaneous mutants that are already present 
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are more sensitive to the mutagen than are the nonmutant cells. 

Pyrvinium pamoate induces base-substitution mutations (transitions 
but not transversions), intragenic mitotic recombination, gene conver- 
Sion, and chromosome breakage that leads to intergenic mitotic recom- 
bination. Pyrvinium pamoate is also a frameshift mutagen and frame- 
Shift mutations are associated with agents that intercalate into DNA 
(Lerman, 1961), thus pyrvinium pamoate may also be an intercalating 
agent. Positively charged, planar chromophores such as the pyrvinium 
ion, which interact with DNA, are likely to be intercalators. They 
insert themselves between the base pairs of the nucleic acid polymer. 
The consequences of intercalation are the lengthening of the double 
helix (a base-pair separation from 3.38 A eel Tous A implies intercala- 
tion) and the unwinding of supercoiled, closed-circular DNA (Miller and 
Newlin, 1982). With a topoisomerase-fluorescence assay (Lee and 
Morgan, 1978), it has been determined that pyrvinium pamoate can unwind 
Supercoiled DNA as effectively as can the antimalarial drug chloroquine 
(P. Dickie and A.R. Morgan, unpublished data). Chloroquine is a quino- 
line compound that is known to intercalate (Cohen and Yielding, 1965). 
In addition, electron microscopy, which is a method that can be used 
to determine whether or not a drug lengthens DNA (Butour et al., 1978), 
has demonstrated that pyrvinium iodide (at 300 molecules/base pair) 
lengthens pBR322 DNA by 11% and that pyrvinium pamoate (at 1500 mole- 
cules/base pair) lengthens the plasmid DNA by 12% (P. Dickie and D.G. 
Scraba, unpublished data). 

Pyrvinium appears to interact with DNA by at least two distinct 
forms of binding, and these are external binding and intercalation. 


External binding, which occurs by ionic interactions and iS presumed to 
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be a weaker form of binding than intercalation, involves an electro- 
static attraction between the chloroquine cation, or the pyrvinium 
cation, and the anionic phosphate groups in the backbone of the DNA 
(Cohen and Yielding, 1965). The inhibition of this external binding 

by competing cations such as Mgtt is an indication that these negative- 
ly charged groups must be accessible before binding can take place 
(Cohen and Yielding, 1965). 

The antiparasitic drug hycanthone also interacts with DNA (Hirsch- 
berg et al., 1968). The hydroxylation of the methyl-substituent of the 
thioxanthene ring system of lucanthone produced hycanthone (Figure 10). 
Hycanthone has been reported to be a carcinogen in mice that had been 
infected with the causative organism of schistosomiasis (Haese et al., 
1973; Haese and Bueding, 1976). The drug induced frameshift mutations 
in the bacterium Salmonella typhimurium (Hartman et al., 1971), and in 
the yeast Saccharomyces cerevisiae (Meadows et aZ., 1973), whereas 
lucanthone was mutagenic in Salmonella typhtmurtum only after metabolic 
activation by mammalian liver microsomes (Hartman et al., 1975). 
Lucanthone was not mutagenic in yeast (von Borstel and Igali, 1975), 
and this implies that the cytochrome P-450 system of yeast is not 
identical to that of mammalian liver. 

The addition of a 6-chloro-substituent to the thioxanthene ring 
system of hycanthone results in decreased toxicity to mammals (Bueding 
and Batzinger, 1977). Similarly, in yeast, the 6-chloro-analog of 
pyrvinium iodide is less toxic than pyrvinium iodide itself. The 
interaction of lucanthone with calf thymus DNA zn vitro requires the 
proximal nitrogen of the side chain on the thioxanthene ring system, 


since the conversion of this 2° amine to a 3° amine abolishes the 
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interaction with DNA (Hirschberg et al., 1968). In yeast, derivatives 
of lucanthone that have a methyl-substituent at the 4-position of the 
thioxanthene ring system plus a 2° or 3° amine are not mutagenic, 
whereas derivatives that have a hydroxylated methyl-substituent at the 
4-position plus a 2° or 3° amine are mutagenic (von Borstel and Igali, 
1975). The hydroxylated methyl-substituent of hycanthone appears to be 
responsible for the mutagenic activity of the drug in yeast, and this 
Suggests that yeast does not have the hydroxylating enzymes that con- 
vert the promutagen lucanthone into the mutagen, which is hycanthone. 
These enzymes are present in mammalian liver (Hartman et al., 1975). 
The evidence that was obtained with hycanthone can be extended to 
explain the mutagenicity of the 6-methyl-analog of pyrvinium iodide; 
perhaps the 6-methyl-substituent is hydroxylated, resulting in a muta- 
gen as potent as pyrvinium iodide. It is possible that the yeast 
strains that were used by Meadows et al. (1973), and by von Borstel and 
Igali (1975), did not have sufficient levels of hydroxylating enzymes, 
and variations in the cytochrome P-450 content of different yeast 
strains have been documented (Callen and Philpot, 1977). Also, the 
pyrvinium moiety may have an additional active site, which could be the 
cationic site at the methylated ring nitrogen (see Figure 9). This 
theory is supported by the diminished, but not abolished, genetic 


activity of the 6-chloro-analog of pyrvinium iodide. 
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I- 
/ 5/ 
9 N+ CH = CH 7 / 
7 1 5 i B 3 4 
R 6 10 A > 
R MW 
pyrvinium iodide —N(CH3)o 509.45 
6-chloro-analog = 6) 500.83 
6-methyl-analog —CH3 480.41 


FIGURE 9. A summary of the structural modifications and the 
molecular weights of the 6-chloro- and 6-methy1- 
analogs of 6-dimethylamino-2-[2-(2',5'-dimethy1- 
1'-pheny1-3'-pyrrolyl)vinyl ]-1l-methy]quinolinium 
jodide, which is referred to as pyrvinium iodide. 
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O HN(CH,)>N(CH2CH3)5_ 


S68 © 
R 
B 


MW 
lucanthone — —CH3 340.48 
hycanthone —CH,0H 356.48 


N—— N(CHo)pN(CH5CH3)o 


Ry 
Ri Fe MW 
IA-3 —CH, -Cl 371.92 
IA-4 —CH,0OH —Cl 387.92 
TA-5 —CH, -H 337.48 
IA-6 —CH OH —H 353.48 


FIGURE 10. A summary of the structural formulas and molecular 
weights of the antischistosomal drugs lucanthone, 
hycanthone, IA-3 (6-chloroindazole analog of 
lucanthone), IA-4 (6-chloroindazole analog of 
hycanthone), IA-5 (indazole analog of lucanthone), 
and IA-6 (indazole analog of hycanthone). 
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ARTICLE V 


The Induction of Cytoplasmic, Respiratory-Deficient Variants 
in Saecharomyces cerevistae 


with Pyrvinium Salts, Analogs of Pyrvinium, and Ethidium Bromide 
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ABSTRACT 


Cytoplasmic, respiratory-deficient variants (petites) were induced 
in the yeast Saccharomyces cerevistae with pyrvinium pamoate, pyrvinium 
iodide, and the 6-chloro- and 6-methyl-analogs of pyrvinium iodide, as 
well as with ethidium bromide. Pyrvinium pamoate induced petites less 
readily than did ethidium bromide, however, both ethidium bromide and 
the dipyrvinium salt (pyrvinium pamoate) were more efficient than the 
monopyrvinium salt (pyrvinium iodide) and its analogs at inducing 
petites. The primary mechanism of action of ethidium bromide and 
pyrvinium pamoate, which are anthelmintic drugs, may be the destruction 


of the mitochondrial DNA of helminths. 


INTRODUCTION 


During the testing of pyrvinium pamoate for potential genetic 
activity in growing cells of strain D5 of Saccharomyces cerevistae, it 
was observed that the drug induces cytoplasmic, respiratory-deficient 
variants (von Borstel et al., 1981b). These yeast cells, which are 
referred to as petites, have lost the respiratory function in their 
mitochondria, and this may be due to a partial or a total loss of mito- 
chondrial genetic material. The loss of oxidative respiration results 
in the slowed growth of these yeast cells on glucose-containing media, 
thus the colonies are smaller in size than those of respiratory- 
competent cells. An additional method of discerning between petite and 


grande colonies is by noting the color of the colonies approximately 
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9 days after plating; the grande colonies are ivory in color, whereas 
the petite colonies are white. 

Although the cells had been cultured in a glucose-containing 
medium, which permits the growth of respiratory-deficient variants, 
the control frequency of petites was only 1% (von Borstel et al., 
1981b). This indicates that the D5 strain of Saccharomyces cerevisiae 
generates spontaneous petites at low frequencies. Pyrvinium pamoate 
appeared to induce petites at frequencies approaching 100%, and this 
was observed with each of the doses that had been used (4.25x10-° M, 
4.25x10-° M, and 4.25x10-* M), after 3 hours of treatment (von Borstel 
Cte a ISL) F 

It has been suggested that the mitochondrial genetic system is the 
primary target of chemical carcinogens (cf. Wilkie and Evans, 1982), 
and the high frequency of petites induced by pyrvinium pamoate indi- 


cated that this action of the drug should be studied further. 


MATERIALS AND METHODS 


Yeast Strains 


Strains D5 (genotype oT ee Se a) and N123 (geno- 
type a his1) of Saccharomyces cerevisiae were grown on YEPG-agar (1.0% 
yeast extract, 2.0% peptone, 2.0% glycerol, and 1.5% agar) for 48 hours 
at 30°C. Cell cultures were prepared in liquid YEPG medium (1% yeast 
extract, 2% peptone, and 4% glycerol) and incubated for 16 hours in a 


waterbath shaker at 30°C. The cells were harvested by centrifugation, 


washed once with 0.1 M sodium phosphate buffer (pH 7.0), resuspended in 
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liquid YEPD medium (contains 2% dextrose as the carbon source), and 
these cell suspensions were adjusted to 1x10’ cells/ml with liquid 


YEO: 


Drugs and Solutions 

Pyrvinium pamoate (Parke-Davis Canada Incorporated) was used to 
induce petites in the diploid strain D5 of yeast. The stock solution 
(184.0 mg/ml) and the dilutions were prepared in dimethylsulfoxide 
(DMSO). 

Pyrvinium pamoate, pyrvinium iodide, and the 6-chloro- and 
6-methyl-analogs of pyrvinium iodide, which had been custom-synthesized 
by Lancaster Synthesis Limited (Eastgate, Lancashire, England), were 
used to induce petites in the haploid strain N123 of yeast. Stock 
solutions of pyrvinium pamoate (18.4 mg/ml), pyrvinium iodide (16.3 
mg/ml), the 6-chloro-analog (4.0 mg/ml), and the 6-methyl-analog (3.8 
mg/ml) were prepared in, and diluted with, DMSO. 

The stock solution of ethidium bromide (Sigma Chemical Company), 
the positive control that was used to induce petites in strains D5 and 


N123 of Saccharomyces cerevisiae, waS prepared in sterile water (0.4 


mg/ml). 


Induction of Petites in Growing Cells 

The adjusted cell suspensions (1x1l0’ cells/ml liquid YEPD) of 
strains D5 and N123 were added to the control and treatment tubes (3.9 
ml/tube). In addition, the control tubes received 0.1 ml of sterile 
water or 0.1 ml of DMSO, and the treatment tubes received 0.1 ml of a 
Stockesolution., or acdilution of aisteck’solution, of ardrugs= ine tubes 


were incubated at 30°C in a waterbath shaker; cell samples were taken at 
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the appropriate time intervals and diluted with phosphate buffer. 
These dilutions were spread (0.2 ml/plate) onto regular YEPD-agar 
(contains 2% dextrose) and onto fortified YEPD-agar (contains 10% dex- 
trose). The plates were incubated at 30°C for 3-4 days and the pro- 
portion of petite colonies was determined by the tetrazolium-overlay 
method (Ogur et aZl., 1957). The tetrazolium dye (2,3,5-triphenyltetra- 
zolium chloride) was used to distinguish the petite colonies from the 
grande colonies. Grande colonies oxidize the dye to a red oxidation 
product, whereas petite colonies are incapable of this oxidation. The 
adenine-dependent colonies of strain D5 (colonies with red-pink, red- 
pink-white, red, red-white, pink, and pink-white phenotypes), which 
could not be scored as petite or grande by the overlay method, were 
patched onto YEPD-agar and replica-plated onto YEPG-agar (Table 24). 
The colonies with a white phenotype were then analyzed by the tetra- 


zolium-overlay technique (Table 25). 


RESULTS AND DISCUSSION 


A petite variant of yeast is characterized by defective mito- 
chondrial DNA and the inability to grow on nonfermentable substrates 
such as glycerol. Generally, the cytoplasmic petite strains of 
Saccharomyces cerevistae are classified as rho~ (partial deletion of 
mitochondrial DNA) and rho° (total deletion of mitochondrial DNA). 

The deletion, or partial deletion, of the DNA of the mitochondria makes 
it impossible for the cells to utilize glycerol as a carbon source 


because certain elements of the electron-transport chain (cytochrome ¢ 
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oxidase, apocytochrome b, and spectrum cytochromes [a and @:)) Tare 
encoded by the mitochondrial DNA, and these elements are absent or 
defective in petite strains of yeast (Dujon, 1981). The glycerol 
phosphate shuttle is inoperative without an intact mitochondrial respi- 
ratory assembly (Lehninger, 1970). The yeast strains D5 and N123 were 
grown in a glycerol-containing medium to remove all petite variants 
before any of the mutagens were added. Ethidium bromide induces respi- 
ratory-deficient variants in yeast (Slonimski et aZ., 1968), therefore 
it served as a positive control in examining the petites that were 
induced by pyrvinium pamoate. 

It is evident that pyrvinium pamoate induces petites less readily 
than does ethidium bromide (Tables 25 and 26). In strain D5, a 2-hour 
exposure to pyrvinium pamoate was required for petite induction, where- 
as all of the cells became respiratory-deficient after 30 minutes of 
exposure to ethidium bromide. In strain N123, at least 4 hours of 
exposure to pyrvinium pamoate were required for petite induction, and 
more than 50% of the cells had become respiratory-deficient after 8 
hours of exposure to the drug (Table 26). Even ethidium bromide, which 
was used at the same dose (2.5x10-° M) with each yeast strain, did not 
induce as high a frequency of petites in strain N123 as it did in 
strain D5. Also, the spontaneous level of petite production in strain 
N123 was much higher than in strain D5, as is evident from the data for 
distilled water and DMSO (Tables 25 and 26). 

The spontaneous and induced levels of petites in strain D5 (Table 
25) are lower than the levels that have been reported previously (von 
Borstel et aZ., 1981b), although similar concentrations of pyrvinium 


pamoate (in the range of 4x10-° M - 4x10~° M) were used in both 


r yee 


cmvegelip ft (RNS hcgat) shempite datarte attien eta 

ey pte apy taeinl  seoeste set revagpa 98 60 oe : 
eT a 

TL el pocelanamrir et 
(afr. aaregte? eniwee adnentt eae ee vee 

iaeant «(10081 . % Jeriielh) Soume-at eye) vad 2nnhst eegrOreY 
othe gn AY Qaim ! uades eoentank@ G-abreeRet TTS ; 
cancery aolitwing ea benbbat 


‘aes San , ca@eh weed shtel Yew oud VAI ty wf'4) EE 
Ty b tne a alpal’ setae nana (nem nat? 
van ch) CO1~ e See Melty det er eneeianl | 
ant) in wd) Jtae Tie ginigpe euankg ¢lienem Te lisieean 
as we aie (St) eacd earth ih oe e1eeoges _ 


is) yO. Gi ele We .euet> eeey opted Ga moet OF ww20uKs pes 
meg ar 21 Sce@wee@ Digi ee ont God 9 0fa> ete Se abe aris arree) 

ag ary wihiade &s5 aU we ads 90 aeveore 89 KU . 

alla jie Nia Wiea, ily fo “> 62,7) ee 4 
0 6) of CY CNT A) @i4m Ss 4 eet apace 7 
jidede @T) 4 PGORRS SOR}, te ieee! —eeegud ae nald ar) (et 
aaceh Gr Ge Fumes We 4 Geil 9A! eat CUM eM: 
ok ee) a 
a (4aY) Mi alaas Ai pals Oy YO ahees! Gormel at 


a Ps : 


a 


nisin 
oe 


164 


experiments. These differences can be attributed to the culture con- 
ditions that were used, and to the technique that was used to distin- 
guish between the petite and grande colonies. For example, von Borstel 
et al. (1981b) did not use a glycerol-containing medium to remove the 
spontaneous petites, and the color difference between the petite 

(white) and grande (ivory) colonies is an inadequate method of classi- 
fication because the proportion of petite colonies may be overestimated. 
The tetrazolium-overlay technique is a more stringent assay for the 
identification of petite and grande colonies. 

It was of especial interest to note that most of the petite colo- 
nies that were induced by pyrvinium pamoate turned light red or pink 
after 24 hours of exposure to the tetrazolium dye, whereas those aris- 
ing from the cells treated with ethidium bromide remained white in 
color. The grande colonies turned deep red immediately upon exposure 
to the tetrazolium dye. This implies that the petites induced by 
pyrvinium pamoate resulted from a partial loss of mitochondrial DNA, 
whereas ethidium bromide causes a total loss of mitochondrial DNA 
(rho° phenotype). 

Pyrvinium pamoate is more efficient at inducing petites than are 
either pyrvinium iodide or the analogs of pyrvinium iodide, which pro- 
duce petite frequencies of less than 20% in strain N123 (Table 26). 
These analogs have 6-chloro- and 6-methyl-substituents in place of the 
6-dimethylamino-substituent of pyrvinium iodide (see Figure 9). 

Ethidium bromide is mutagenic in Salmonella typhtmurtum only after 
metabolic activation (McCann et al., 1975; Fukunaga and Yielding, 1983), 
however, ethidium bromide produces petites in stationary- and growing- 


phase cells of yeast without exogenous metabolic activation. Ethidium 
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bromide binds reversibly to the mitochondrial DNA of stationary-phase 
cells by intercalation, and irreversibly in growing cells by covalent 
binding (Bastos and Mahler, 1974; Hixon et aZ., 1975). 

It has been suggested (Filipski, 1983; Marshall et aZ., 1983) 
that ethidium bromide and an acridine derivative (4'-[9-acridinylamino] 
methanesulfon-m-anisidide) bind to a DNA nicking-closing enzyme, such 
as the topoisomerases I and II, by occupying the site of the enzyme 
that normally interacts with the DNA, and thereby preventing the nick 
from being sealed. Pyrvinium pamoate is a dipyrvinium salt that has 
two DNA binding sites per pyrvinium moiety, therefore this hypothesis 
may explain why pyrvinium pamoate is more efficient than pyrvinium 
iodide at inducing petites. 

It has been reported that the mechanism of anthelmintic action of 
pyrvinium pamoate is the inhibition of transport and utilization of 
exogenous glucose in the pinworm, Enterobtus (Oxyurts) vermtcularts 
(Rollo, 1980). The petites induced by pyrvinium pamoate in strain D5 
of yeast remained white throughout the tetrazolium overlay only when a 
high concentration of glucose (10%), rather than the concentration that 
is usually used (2%), was provided in the medium. Thus, pyrvinium pamo- 
ate may exert a biochemical effect, as well as a genetic effect, on the 
yeast cells. The reason for this change in characteristic, which 
occurs when the concentration of the carbon source is altered, has not 
yet been elucidated. 

It is possible that the site of action of pyrvinium pamoate is the 
mitochondria of the parasite, and in fact, the mechanism of action of 
this drug may be the destruction of the mitochondrial DNA. Ethidium 


bromide was once used as an anthelmintic drug, and it is eminently 
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possible that the primary action of pyrvinium pamoate and ethidium 


bromide on helminths is the destruction of the mitochondrial DNA. 


ee = ee 


- 
_ 
an 
7 — - 
_ 
i” 
- 
oP : 
= - 
= 4 
7 4 Ce I 


- 
- a>. werase 


a cha] Terapia: 


167 


apueub 


apueub 
apueub 
apueub 


azLqed 


d}L70ad 
azLqed 


apueub 


apueub 
apueub 
apueub 


apueub 


apueub 


UOLIBILJLSSELI 


(+) iat 
= 0 O 
cP) 0 O 
Ge i) 
(+) i 
@) 0 6 
= (Cen 
eC 0 O 
(eS) oe © 
= 0-720 
i) [0 
= 0 0 
(+) tt 
(+) 2 
(+) 0 0 
(4) Cael 
= 0 0 
= 0 0 
(+) ieeo 
= 0) 40 

“wn upali Md d 

943A uo 

YIMOUd q 


She) Gi SS Siu el SS) Ss) (@) FS! 


Sa Sioote) 


Ma 


See @) Sale a=) (SS) 1 ee) (&) I 


SIN OS Sin 


| 


Soa =) SVe (ea) S) Yoga QS 


See, S72) 


Mdd 


SS Stor) QQ) a =>) Sa) Qeoe 


StS 1S ete) 


(ae 
c& 


adAyouayg Auolo) 


89S 
SET 
ILv 
bol 
vie 


oS 
£6 

ILv 
{Le 
ele 


l6v 
GLE 
ou 
O€S 
OL 


609 
GS¢ 
CCC 
9LE 
900 


SO8LUO|O7 
[eq0] 


aL 
91 
ESL 
O¢ 
cg 


GL 
she 
Ect 
SS 
Ge 


OF 

Lvl 
Le 
Tvl 
Tol 


OOT 
OOT 
OOT 
OOT 
OOT 


(%) 


LeALAUNS 


(Sunoy) 
oa 


d4nsodxy 


6 -OLXt 
azeowed wniutAudd 


poOUXGEZ 
apLuiovg WNLpLyea 


(%5°2) OSWA 


(%4G°2) 4azeM 


(L/SseLow) 
UOLZLUZUIIUOY 
pue qUdW Zed] 


azeowed wntuLAuAd pue aptwoug wniptuya Aq en2s2aata0 saohuotpyoons 40 Gq uLeuys 40 
S{ [99 Butmoub ut (Saztqad) squeLueA DLWSe[dozAD SqUaLILJap-AUOZeULdSau puke SAaLUOLOD JURUUaqe JO UOLZONpuT 


be 41avl 


7 


| _ 


a 
i = 
mig * .a— ‘pnt ot ale sant Giewt-bn 


soret aylnbeyyey tne ob lm hihi 7. selene, 
i a ee as - 


A 
_"eapagereil, och 
} a 


saliee 


168 


"(adUNOS UOqUed ayy se LouadA[H %Z suLezUOd) 
Aebe-9q3A uo MOUB 09 AZLLLGeuL Uo AZLLLGe Lay, Aq a41,ad “oO apueub se patitssejo auam S8LUOLOD ay, 


"ALAALYIEdSau *SAaLUOLOD |1LYyM-yULd 

pue ‘yuLd “aq LyM-pau “par fazLym-yuLd-pau ‘yuULd-par 07 asad Md pue fd “MY SY SMdY SdY SUOLQELADUGge an 
*(9SO4zXap ZOT SulLeqzuod) uebe-qdqjA paljlquo}, Jo saqeid Z 

pue (asouz}Xap %Z suLequod) swebe-qd9JA swe_nbau jo saqzetd p uo satuolod BuLALAUNs Jo uaqunu 1e3}03 aul, 


= = vi O 0 © O 199 19 € 
a4Lyad ey io Oe eee 2) O2b ON Z 
apuerb (+) 0. 4 = ee 602 89 I 
apuesb (+) OO SO ew 61S GS G°0 
apueub (+) ee ee 8E2 6S 0 e-OTXt 
- = o © tt © GW @ €2b 9S € 
apueub (+) ol ie 901 9€ Z 
apuesb cn Oe A On hs 6) 792 98 I 
apueub (+) jo t03 Ot 0 LC £6 G2 G°0 
apueub (+) a 1, eles ie 882 Lt 0 ecOLXY 
apueub (+) CS eh iS ve nae ZL € 
apueub (+) O We 4h ey oe 28 AS Z 
apueub (+) . Ci OO. Wr oe ZIV pel I 
apueub (+) CPG ee Oh Ae 68 2 G*0 
apueub (+) EO or eee O8r 6/ 0 ,-O1Xp 
UGEMVOLI1SSel 4 lin paw Md d MY Y Mdd du Ca) (sunoy) ([/SeLow) 
ddA uo adAyouayd Auolo) pdetuol og [EALAUNS SwL | UOLZeUVUIIUO) 
UMOUDS q {e1O] aunsodxq pue JUdw zee] 


(panutjuod) 2 3a1avl 


a ance Tata! a tte 


“say tansd’ igtal al “salaeian «6 faiveww : 
ae Oe Cw 8 oe | ) | dene 


=7 see wy » “dy fs 
a peace : 


169 


(T6v) 9Z eee a ie oe oe ; 32, C 
(STE eli (0) 670" ae He $62 0 2, C 
(979) STE CON 02 ee _ ab Shp 0 32, I 
(O€S) IbT (0) 2°0> oo one i Me i 12. S"0 
ee ccc as ice on (x$"2) osha 
(609) oot (1) z0.—S—« Hie oe oo 
(S52) OOT 70 a sen at OI 6 2. 4 
(222) OOT (0) 70> “a a Sr oF 4 12. I 
(9Z€) OOT (O)re oO a ea ne Be ; a s°0 
Cp ee a fey 
(1) (1) (3) (2) EE Sadak $0 (sunoy) ee 
J PEALAANS S$99L79q J EALAANS S94L99q Ae[AIAQ WNLLOZeUQS]  YUaqUO) OWL | UOLZeUZUBIUO) 
P [eyo] y {e10] 7 2 4az4se 4“OlLo) AUO[OJ aS0u7xX9q asunsodxy pue YUsawWzPeI] 


azeowed wnLuLAuAd pue aplLwouqg WNLpLuya Aq anzstaate0 seohuoapYyoons 
$0 GQ ULeuyS JO S[[99 BuLMoub UL (Saqztqad) squUeLueA DLWSe[dozAD SqUaLoLsap-AUOeULdsau JO UOLYONpUT 


Ge 3 lava 


: 


> 
; ore 

— 1s 7 sf 
6 surttite 46m 


= 


Fite "eT Tex’ gatwomy wf (esr) faa! etoeh vey alnzetices 
a = 


s 
ery’ 


siermag tein vie Gem gbimus 


ae 4 vervé Safad yuela? seouiupd 

“wating? favivw®  “eetlie® “yal asvi mel fayetasi dein 

at ; iP) 7 is) revue tvs side Ory 

—— — ————— _ — => 
— = Gi >.Bi ag mat 4 A : 
wt mg gol ak) ‘ %! 
4 , —i® f a] . . 
im.4:% i 5.0 { 


pamse Siow 5 | 


=a 


170 


(895) GZ 
(SET) 9b 
(12) eS 
(vv) 92 


(VIE) 2S 


(295) GZ 
(€6) 9€ 
(I/v) €ST 
(ITE) Sg 


(€1Z) GE 


(%) 


LPALAUNS 


P’ (e301 


(L)P 270 
ONL 0? 
(0) 2°0> 
eG: 


(0) €°0> 


(495) OOT 
(€6) OOT 
(TZ7) OOT 
CELE) 00t 


(0) S°0> 


(%) 
5893118d 
[e301 


28 
cl 


vt 
80 


Syl 
O€l 


Ce 
E¢ 


ev 
9S 


vl 
SL 


BE 
ONS 


oe) | 
vel 


09 
€S 


Le 
6€ 


(2) 


[PALAUNS 


9°0 891 L9T I 
Ande 00t OOv 0 
€> LE Le 0 
(ie TOT TOT 0 
8°0> Ocl OcI 0) 
© .0F [Se [Se 0 
€ 6€ 8E I 
[ees SOT SOT 0 
be oS oS 0 
ie 8c 802 0 
OOT GN 0 es] 
OOT SY 0 SIv 
OOT ce 0 Be 
OOT eo 0 19 
OOT (Hy 0 Cit 
OOT O9E 0 O9E 
OOT cl 0 GL 
OOT 6€2 0 6€2 
oe cv ov 0 
90> 11 eo 0 
(%) Le}0} Pet = 9f LYM 
Sayyed PhP L4and WNL, OZeUqa] 
q dayge UO0lo) Auojoy 


OT 
bc 


OT 
bc 


“OT 
be 


hOT 
he 


OT 
oC 


*OT 
oC 


hOT 
oe 


*OT 
Io 


OT 
be 


“OT 
oe 


Qd3A 40 
3U97U0) 
3S0U1X9Qq 


€ 
é 
I 
G70 
g-OLXY 
0 azeowed wntuLtAudAd 
€ 
@ 
I 
S70 
g-OLXS°2¢ 
0 oplwoug WNLPLYyo 
(sunoy) (L/sa[ouw) 
OWL | uoLyeU}ZUaDUO0) 
aunsodxy pue .Uaw Zed] 


(panutzuod) gz J1gvl 


vat} nid enn hes okie. iu 
afieebl miloseets’ Siete) ~ 


Lit 


(€2v) 9G (9T)S° LE 
(901) 9€ reed 
(792) 98 (0) v°0> 
(€6) $2 (0) ele 


(882) Lv (0) v°0> 


(€vS) 22 KO) cx0- 
(28) 2€ (0) ale 


(Ziv) vel CO) 2a0- 


(08v) 62 (2) 720 
(%) (%) 

pons 5594118d 
[e20] [270] 


95 99 oll 6€ Lee OT 
GS oC LOE BE? 69 be 
me ik 82 92 Z OT 
Le ie 8L 8L 0 oC 
L6 hea 99 99 0 OT 
vl G°0> 861 861 0 be 
vd Co 62 62 0 OT 
Ge? c> 79 v9 0 oC 
91 Ve IZ TZ 0 OT 
60 G°*0> LI¢ LV? 0 bo 
€9 8° 0> 621 6c1 0 OT 
SL Gi 02 viv viv 0 he 
eo p> 82 82 0 OT 
ce eC vS vs 0 oC 
aig [> 8L BL ° 0 OT 
vel 02 vee vee 0 6 
Se v> 82 82 0 OT 
02 ie tg Lg 0 he 
v8 g 6¢1 AAA G OT 
08 © 02 {Se LSE 0 a4 
(7) (%) | e307 pou 9} LUM ddaA 40 
J RALAUNS S34lqead pAPLAPAQ WNLLOZR4ZaL —- UBUD 
q daqge UOLO0) AuOLOjJ 9S0UzX9q 


€ 
g 
T 
ca0 
0 
o 
G 
I 
G0 
0 
(sunou) ( 
OWL | UOL 
dunsodx 4 


s-OLXP 


,-OIXD 


|/saLow) 
yeUVUIDUN) 


pue  UaUZedU | 


(peanut uod) 


Ge 4idvi 


7. 7 — _ 
= a : 


=— -_ —_ o= 


ty ahy 
is 264 


~~ —_ 


. i ate wotal ola) maae- _ eres 

Or “ales lesa jneteeP “ie = 

_ runes 
- 4 é : = U > 4 - » 

mr | H i Bt gt ae 


7 


gator is 


Wy 


"(4ebe-dd9A PalLpLquos JO saqetd Z pue uebe-qdJA 4e[Nbau Jo sazeid ~ uo SaLuojod BULALAUNS ayy 4o WNs ay?) 


Aebe-qqjA $0 S$aze[d 9 uo SaLUoLoOd BuLALAUNS Jo uvaquinu [e307 |Yy 94NZLySUOD SasayjzUdued UL SauNnBL4 aul 


“AUOLOD 34Lzad auo 07 HuLpuodsaus40d anjeA ayy UeY SSa| Se paquodau st saqizad 

[e307 40 abeqyuaoued ayy ‘sueadde ouaz Jo qUNOD a4yLyad e UaAauayM *([LasouyXapP Y%OT suLeUOD] uebe-qdJA pars 

-Lj4Of# $0 Saqzeitd Z pue [asouzXap %Z suLequod] uebe-qdqjA uvetnbau so sazeld py uo saLuojod aqtiqad auy Jo wns 
ayz) uebe-qqqA $0 Sazetd g uo SaLUolod a4Lqad 4O uaqunu [e707 ayy a4NZLySUOD sasayqUaued UL SauNBL4 ul. 


*AUOLOD 3343ad suo 02 BHuLpuodsauuod 
anLeA ayy Urey Sse, Se pazuodau st saqztzad jo abequaduad ayy ‘Sueadde ouaz Jo 1UNOD 93LIAad eB UaAoUaUM 


“2 ALQEL UL paqiuosap 

se *(adunos Uuoqued ayy se [OuddK|H %Z SuLeqUOd) Uebe-9q9, UO MOAB OF AQLLLGeUL 4O AQLLLGe uLaUy Aq 

9113ad uo apueub se parjsisse,o auam pue aunpadoud Ae|4aAO-wWNL|OZe4{9} BUA 01 UOLUd palduies auam sadAyouaud 

O7LUM-yULd “oO SyxULd Sa4QLUM-pau Spau SaqLUM-yULd-pau ‘yULd-pau YILM SaLUOLOJ ‘apueub se SaLUo|oOd pau pue 
A1Lqad se paljLSSe[I auaM SALUOLOD ayLUM SARL U9AO-WNL[OZeU{9Y BY U9I4Ze SUNOY pz pauods seM UO|OD AUO0| 09, 


a 


€9 SL Cenc aE “OL 
(159) 29 (902) 9°TE 69 oT 9Sh 16E 6G y2 5 
OLT 12 Obl Ill 62 “OT 
(O¢v) OIL (62) 6°9 att sci 0s2 08 0 y> : 
19 I col 201 1 “OI 
(602) 89 (1) $0 69 6°0> 90. 901 0 %2 I 
09 9°0 (in ea a “OI 
(61S) SS (1) 20 £5 €°Q> Gee ech Io 12 S*0 
85 2 065 - see |e “OL 
(8€2) 65 (2) 8°0 65 L°0> oo ee 42 0 .-O1Xp 
(%) (%) (%) (%) PR TAR a eave rue) = eShop) (L/saLow) 
[RALAUNS 5881!}8d — LPALAUNS S011 ted pAeL4aAQ WNLLOZe4Za] ~—- ua AUN OWL | UOLZeUQUIDU0) 
P’ 110] 120] q 4W9z4Ze 4OLO) AuolLo) asouzxaq aunsodxy pue juawzedu] 


(panutzuod) sz 41avL 


: ~arte wit? qo atowxe? | 
fovinwet Feast sod * sfiaed avi tuxeniot “y : 

it Ps ————— ot 0° 
in or tos on &l ine ‘ : bid 


— a <es  saet Seede 


v 


—— —. —— 


- ea a - | e 
~ a q ’ 4 aaah Till 4 7 ny 


2 7 <4 saitic 3 =p ( re aes 
o/s ‘tet 1Pis0-4 dls .gerQtee ute itso nie 4 fieg 


itt fide “st ct i * - 5 ; 
petey  -, Ge SU bc Oe > Gre zon Slee thi g ik” GF IT” opks Weg ‘ey, - 
#6 oda ns é . if ag Vann wo ohebeee Teri ey 
<< 7 20 ay. itr oeeaty 


_ | tes el ne! yaa! co Rar oss ; | «= 31200 SARE 
= 7 - — 5 —_ 
ont) eee T ss! i: | | peeing B)) Ss 
=f@ oy ye raha iG > bil , FU’ ioe ns -e7ey as) 
et We agesHe>rs | ‘a Ooms ai01 : baie | ocueaenee 
= = ar > 7 P ¢ 7 7s ar 4 » : 
os - : 
7 wa a ee 


@ a * ¢ * 2 ass 


7 (9 3 Ae, state T lite mage ; ie pasrouGee wits .F ie WT) 


7 


Ws 


(SOIT) got (8) ZO et a re oem: oe 9 
(OLb) SOT (2) v0 a a, The 62 ; 2, v 
Po59 S001 OL) So. on : vee 66 2, Z 
(ve) 88) OF 0 08 «00S fT (29°2) oswa 
(6401) oot (4) 9:0 © Ot 5°0 22g «elgi 82. g 
(6vy) oot (€) co OT 0 (ez Oke OT 2, p 
(259) 001 549) 1610 th £0 ae 16 2, Z 
(2itt) oor (8) £0 gor eT (29°2) 4922N 
(%) (%) a) (%) ie ee ddjA $0 §8=(Sunou) (|/saLow) 
LPALAANS S91L29q [ CALAANS S94149ad Ae, AdAQ WNLLOZeuQal quazU0) wk | UOL}ZeUZUIIUO) 
P [e210] : [e1O] : : daqfe uolo) Auojo) 9SOUu1X9q asaunsodxy pue jUsWzedU | 


SPLpOL wntuLAuAd jo sho| eue-|Au.ow 
pue -OuUO,[ Yd ayy pue SapLpot wntutAudd ‘Saqeowed wntuLrAuAd SapLwoug wnipLuya Aq avzsiaata0 seohworpyoong 
$O €ZIN ULeUIS JO S[LaD HuLMoub uL (SazLqzad) squeLueA ILWSe{dozJAD SqUaLILJap-AUOZeULdSaU JO UOLZONpU] 


Se haltelial 


<— 7 oe _ - 7 rm 
bo : = 
if .. o) yA _ : yo 
iithes twee enn) shyelnae shaedlsies ea 
bol matarerey eThomeg wakes ce sht 


_ 


oni @' On! 
ral aera enti ggee” 
a Pe 


tee? 


¥ 


(we ie 
- 


174 


(SZET) 95 


(v66) TOT 


(6/5) 68 


(v98) 82 


(LOL) 0 


(OTT) e211 


(092) 9TI 


(986) 68 


(%) 


[PALAUNS 


Y Le}OL 


COU ee 
(Teele e ae 
(Si) 1 = 
(4) 8°0 a 
(tol) 66 8S 
(ssot)ote = 52 
(929) pze 7 
(COR a= 

(%) (%) 


5894l4ad = LRALAUNS 


Le FOL 


(%) 
qd 


$8414ad 


09 
S89 


660 
S6v 


TOE 
8LC 


Of 
vEV 
as 
Lge 


tls 
98S 


BSE 
cOv 


EGS) 
v9t 


[27.03 


lvé 
L8¢ 


QLD 
18v 


662 
tle 


62” 
8c" 
0 

é 
oi, 
oo 


$8 
61 


Ll 
88 


pau 


66€ 
86E 


i 


GEE 
age 


Les 
02S 


ELC 
EGE 


SOP 
Ore 


a7L4yM 


phe L4ard wNL,OZeuZa] 
dazse wolo) Auolog 


»OT 
bc 


“OT 
be 


OT 
be 


»OT 
be 


“OT 
he 


OT 
oe 


“OT 
oe 


OT 
be 


dd4A 40 
ua 7uU0) 
3S041Xaq 


ii 37 eowed 


g¢- 
T apLwou 


(sunoy) ( 
OWL | UOL 


+-OTXT 
wntULAAdAd 


O1XS°z 
q wnipLyya 


[/so ow) 
7.242UdDU0) 


aunsodxy pue quaWw ea] 


(panuLquod) 


Ges lave 


A agit, sclel quoiol seveseab | 2 Be 
wre ante ir 2aztt54 sivned milossyiel Toaes 
| a i" igh eta ee Ae 


a ——- cee a Se ee eee 


-_ 


7 2 Dc Oe 


a = i : 
pam - (uaty 4.00 +4 - = Tt 


— 
a 
a 


7 


Nike 


(996) 22 
(21vz) LOT 
(L€9) 86 


(116) 88 


(889) €2 
(O1S2)" ZiT 
(SOZ) 80T 


(6201) 6 


(%) 
LPALAUNS 


P [e101 


en) i a 
Cor Cae ee 
(eter eens, an 
ONeiet os jee 
Gar Be Pr 
Ca ee ie 
iG) so eee ae 
oo % F 
(%) (%) (7) 
oSatied [PALAUNS —,$87130d 


060 
9LV 


HSH 
Sict 


CLE 
Gde 


TLy 
POS 
pee 
vSE 


Ivel 
69c1 


6Ve 
OSE 


L¢S 
Cag 


[e303 


pAPlL4and WNL ,OZeuza] 
4aqge Uolo) Auolog 


clV 
OTF 


TvIl 
SECL 


[ie 
vce 


LOV 
00S 
822 
OcE 


SGA 
Spel 


6ve 
Cae 


UGS 
Lvs 


pau 


BL 
09 


aL 
02 


a 


wot 


LO oD 


37, UM 


OT 
he 


“OT 
he 


»OT 
be 


“OT 
be 


mOT 
be 


hOT 
be 


mOT 
oe 


“OT 
oe 


Gd4A 40 
U9 }U0) 
39S0U7XaQ 


8 

v 

@ 

I »-OTXZ 

8 

v 

¢ 

I 4-OTXT 

SpLpOL WNLULAUAd 

(sunou) (L/se Low) 

OWL | UOL} eA VUIIUOD 
aunsodxq pue YUsWw eed] 


(panutquod) 


Oc da levi 


= 
on P58 - i 
tater) Wes 807m : — 


— PS 


a 


eH 


176 


(e69) 91 (24) OL a 
(ezte) got (19) oz BO a nn eee ae , 
(UA) B= Che mem se : BiG cecaae 2 Z 
0) ay a ad ae Se ae 1 {-01X8 
(898) 02 (e91) ver 2 Ste ae 2 g 
K66Te) 8017” (ir) St ae Sy seat S191 - 2, Y 
(e601) #8 (3) $0 gy ee wm 
(696) 48 (2) 20g 0H mT 00% 
(4) (%) (%) (%) ee as Se ET mea elt) (1/sa Low) 
pLeALaans ,S9t!}8d —LPALAANS 889.148 jAel4ang wnt ozeuja; = yuaquog OWL | UOL}eUZUdDU0) 
[e210] 1210] Jaze 4oloj) Auolo}) asourxag aunsodxy pue juauzear] 


(peanut jUuod) 


92 41avl 


.  Speeraes 
{sj 


it ¥ 
came w 


i) 
_ Cosat ) cot 


Pigg net ae! Tareneg 


reve 


94 oe 


a 7 


ea ited (pic) aioe o 3 u — 


ire a 


Wis 


6 2°9 206 ««9b8sst=<“i«éiSG “OL 
(9281) 6 (721829 01 ow +26 968 39 y2 9 
G/ Z Ose cre £ “OI 
(289) 69 (on) 621 +9 3 766 926 9 49 » 
19 2 aie iat “OL 
(96€) 19 (vy) 1 1S G*0> c61 f61 © 42 z 
8 I A ET “OL , -O1XZ 
(006) 18 (6) 1 8/ 6°0 oo ie 42 [  aPLpoL wintuLaacd 
40 Boj eue-|Aujauw-9 
8I 1 Gi 7m Tue “OT 
(865) 02 (24) el 32 ET O2e eneiel ae zt 42 3 
96 2 Shy Ith Z “OI 
(SOOT) 2OT = (2T) e°T 101 Bee iss ss 42 y 
OIT 9°0 poe 0 29E—t—i2 “OI 
(4/2) 61T (4) 6°0 221 I clp 80h § 42 z 
; OLI I egg 28g 9 401 4, -O1XZ 
(evIt) £0. (8) L0 — o¢ b0 ggg 6G 2 42 T  apLpot wntutaacd 
40 Bo, eue-ouo0lys-9 
e L 
(%) (%) (%) (%) Le ee dean oestrous ( |/se Low) 
[ EALAUANS p29ttted | PALAUNS $97.L49d PhP L4and wnt LOZeAZI] 7U91U0) Ow | UOLZLAZPUIIUOD) 
P’ (e101 1210] “ 4az4e 4olo) Auolo) asouyxaq aunsodxy pue UaUyeaUu| 


(panutzuod) 92 41981 


= 
= 7 a 


4 


é. 
20 


178 


*(aebe-qq4A palplyuos JO Sazeld Gg pue uebe-qd4A uetnbeu jo saqeid g uo saLuolod BHuLALAUNS ayy JO wWNs 9342) 

Jebe-qdiA 40 Sazeld OT uo saLuojoo BuLALAUNS jo vaquinu [e703 |9Yuy 94NZLYSUOD SasayyUaued UL SauNBLJ oul, 
*Xuo,Od 93tzad |uo 03 HuLpuodsauuo0d an[eA ayy ueyy SSda{ Se pajyuodau SL Saqtzad [e304 
fo abequaouad aya ‘sueadde ouaz Jo YUNOD azLzad e UaAdU|aYyM *([LaSouyXapP ZOT SULeJUOD] UeHe-qd4A PalsLquos 
40 saqzeid g pue [asour1xap %Z suLequod] uebe-qd4A setnbau jo sazejd g uo saluo[od a4Lzed ayy Jo wns 

ayz) uebe-qdaA $0 saze[d OT uo SaLUOlOD azLzad JO uaquinu {e707 ayy 94NZL4SUOD SasaYyjzUsued UL sauNnbL4 oul 


*AuUOLOD a41zad auo 02 HuLpuodsauuod 


an, eA ayy ueuy SSd2| Se paquodau st saqizad Jo aheqUuadued ayy SSueadde Ouaz Jo YUNOD 94L}aAd e AonetoUM 


‘apueub se SsaLUO|Od pau pue ayqlizad se 
PALJLSSELD 949M SAaLUOLOD 97LYM fadnpadoud AeLAaAO-wWNLLOZe4Zaz BYR 4azJe SuNoY pz pauods sem 4OLOD AUOLOD,. 


210 roy O27 LUM 
(%) (%) (%) (%) eas Delgada som a(canou) ( [/s@ Low) 
plPALAANS 5S8t!ad = LRALAUNS Sd111aq pACL49AO WNL LOZe4ZAL U9 }U0) OUIL | UOL}PUZUIDUOZ 
{e10] [e10] 7 Jazze uoloj Auojojy asouyxaq asunsodxy pue JuUaUyeau] 


(penutzuod) 92 41aVvL 


ss 
mir (2) > if) etary ar —— os te (rswadl "1 7 


=f ti Hat wre — eee — a Se aad — <a 


BPMs (erekwerge, enirwe—wr tare <ette cuee 1 ewe ome 


ARTICLE VI 


The Genetic Activity of Pyrvinium Pamoate in Mammalian Cells In Vivo: 
Induction of Micronuclei in Mouse Bone Marrow 


and Nuclear Aberrations in Mouse Colon 
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ABSTRACT 


Pyrvinium pamoate, an anthelmintic drug that is a mutagen in bac- 
teria and yeast, is active genetically in mammalian cells in vivo. 
Preliminary results indicate that elevated levels of micronuclei were 
induced in the bone marrow cells of ?B6C3F1 mice after an intraperito- 
neal injection of pyrvinium pamoate, with dimethylsulfoxide (DMSO) as 
the vehicle. Peak levels of micronuclei were attained at 48 hours 
after the treatment, and control levels were reached by 72 hours. Low 
levels (only about 2-fold greater than the values for the DMSO-treated 
and untreated controls) of nuclear aberrations were observed in the 
colon cells of ¢C5/7BL mice after the oral administration of pyrvinium 
pamoate (1.2 mg/kg) that was dissolved in DMSO and oral suspensions of 
pyrvinium pamoate (Vanquin® and Pyr-Pam_) that are available commer- 
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INTRODUCTION 


Pyrvinium pamoate has been demonstrated to be a mutagen in bac- 
teria under various conditions. Some medical grades of the drug 
require metabolic activation to cause base-substitution and frameshift 
mutations in Salmonella typhimuriwm (MacPhee and Podger, 1977; Lake and 
de la Iglesia, 1981), whereas other batches of the drug do not require 
Such activation to be mutagenic (Cortinas de Nava et al., 1983; Hennig 
et al., 1984). The dipyrvinium salt, pyrvinium pamoate, and the mono- 
pyrvinium salts, pyrvinium chloride and pyrvinium iodide, are also 
mutagenic and recombinogenic in haploid (XV185-14C) and diploid (D5) 
strains, respectively, of the yeast Saccharomyces cerevisiae (Galindo 
Craw 1979:) Hennig ral. ./9CL: Mehta ei .¢ i 1982))e 

The mutagenicity of pyrvinium pamoate in microbial systems can be 
considered to be an indication that the drug may also damage the 
genetic material of mammalian eae To assess the effects of pyrvinium 
pamoate in mammalian cells, tm vitro assays were carried out by Lake 
and de la Iglesia (1981) in C3H10TS mouse cells for cell transformation, 
in Chinese hamster ovary (CHO) cells for chromosomal aberrations, and 
in CHO cells for sister-chromatid exchange, with or without the 
addition of the S9 fraction from mammalian liver. Over the cytotoxicity- 
limited dose range of pyrvinium pamoate that was used (0.01-0.78 ug/ml 
in the culture medium), significant increases (p>0.1) in cell transfor- 
mation, chromosome aberrations, or sister-chromatid exchanges were not 
observed, whereas the positive controls (7,12-dimethylbenz[a]anthracene, 
dimethylnitrosamine, and cyclophosphamide) caused significant increases 


(p<0.001) in each of these genetic endpoints. 
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Pyrvinium pamoate has also been studied in vivo by the analyses of 
urine samples from humans and mice that were treated with the drug. 

The 24-hour urine samples from the mice that had been treated with a 
Single, oral dose of pyrvinium pamoate (100 mg/kg) were not mutagenic 
in strains TA98 and TA100 of Salmonella typhtmurtum (Lake and de la 
Iglesia, 1981). Similarly, the 24-hour urine specimens from the mice 
that had been treated with lower oral doses (0.75 mg/kg, 7.5 mg/kg, and 
75 mg/kg) of pyrvinium pamoate were not mutagenic in strain TA100 
(Cortinas de Nava et al., 1983). The 24-hour Specimens of human urine, 
collected after a single, oral dose (10 mg/kg) of pyrvinium pamoate, 
were not mutagenic in strains TA98 and TA100 of Salmonella typhimurium 
(Lake and de la Iglesia, 1981). 

Pyrvinium pamoate is a mutagen in bacteria and yeast. In Canada, 
pyrvinium pamoate is an over-the-counter anthelmintic drug, therefore 
many children are exposed to this drug on a daily basis. Although the 
results of the zn vttro mammalian assays and the mammalian urine analy- 
ses (Lake and de la Iglesia, 1981; Cortinas de Nava et aZ., 1983) 
Suggest that the drug is not hazardous, it is important to evaluate 
pyrvinium pamoate tn vivo in mammalian assays that reflect both the 
metabolism and the tissue specificity that this anthelmintic drug would 
undergo in humans, at doses in the therapeutic range. .This type of 
evaluation was carried out in mice, zn vivo, and involved the analyses 
of the erythropoietic tissue and the cells at the bottom of the crypts 
of the colon to determine whether or not these replicating cells are 
damaged by pyrvinium pamoate. The relevance of the colon assay was 
increased by the use of dosage forms (oral suspensions) of pyrvinium 


pamoate that are available commercially in Canadian pharmacies. 
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MATERIALS AND METHODS 


Animals 

For the bone marrow assay, 6-week-old ¢B6C3F1 mice were used, and 
9-week-old «C5/7BL mice were used for the colon studies. The mice were 
obtained from the Jackson Laboratory (Bar Harbor, Maine, U.S.A.). The 
animals that were used for the colon studies were denied access to food 


and water for 4 hours prior to the gavage procedure. 


Drugs and Solutions 

Pyrvinium pamoate was obtained from Parke-Davis Canada Incorpor- 
ated, and 1,2-dimethylhydrazine-2HCl and 7,12-dimethylbenz[a]Janthracene 
were purchased from the Sigma Chemical Company (Saint Louis, Missouri, 
URSuAZ yi: 

Stock solutions of pyrvinium pamoate (0.16 mg/ml and 0.15 mg/ml), 
1,2-dimethylhydrazine-2HCl (2 mg/ml and 0.6 mg/ml), and 7,12-dimethyl- 
benz[aJanthracene (5 mg/ml) were prepared in dimethylsulfoxide (DMSO). 
The solutions were diluted with DMSO when required. The oral suspen- 
sions of pyrvinium pamoate (Vanquin® from Parke-Davis Canada Incorpor- 
ated and Pyr-Pam from ICN Canada Limited) were used as supplied by the 


manufacturers. 


Induction of Micronuclei in Bone Marrow 

The doses of pyrvinium pamoate (0.2 mg/kg, 0.4 mg/kg, and 0.8 mg/ 
kg), 7,12-dimethylbenz[a]Janthracene (25 mg/kg), and 1,2-dimethylhydra- 
zine*2HC1] (10 mg/kg) were administered to 2B6C3F1 mice by an intraperi- 
toneal injection (0.1 ml/mouse of the appropriate stock solution, or 


dilution, that had been prepared in DMSO). The controls were 
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DMSO-treated (0.1 ml/mouse) and untreated mice. 

The animals were sacrificed by cervical dislocation, carbon 
dioxide (C02) gas, or exposure to CO. vapors from dry ice. Bone marrow 
samples from a femur were taken at 24, 48, and 72 hours after the 
intraperitoneal injection. Each bone marrow sample was placed onto a 
microscope slide, mixed with a drop of fetal calf serum, fixed in 
methanol, and stained with 5% Giemsa, as described by Heddle et al. 
(1984). As a result of the Giemsa stain, white blood cells were deep 
blue, red blood cells were pink, and polychromatic erythrocytes were 


light blue and tinged with purple. 


Induction of Nuclear Aberrations in Mouse Colon 

The oC5/BL mice received the suspensions of pyrvinium pamoate 
(Vanquin® and Pyr-Pam:) by gavage (0.2 ml/mouse). The doses of pyrvin- 
jum pamoate (0.6 mg/kg and 1.2 mg/kg) and 1,2-dimethylhydrazine-2HCl 
(2.4 mg/kg and 4.8 mg/kg) were administered by oral intubation (0.2 
ml/mouse of the anpropriate stock solution, or dilution, that had been 
prepared in DMSO). The controls were DMSO-treated (0.2 ml/mouse) and 
untreated mice. 

The animals were sacrificed by cervical dislocation 24 hours after 
the treatment, and their colons were excised and flushed with phosphate- 
buffered saline (pH 7.2). Each colon was cut open from the cecum to 
the anus and rolled from the proximal to the distal end (Wargovich et 
al., 1983a). The tissue samples were fixed in 10% buffered formalin 
phosphate, processed, and histological sections (6 um thick) were cut 
from the paraffin-embedded tissue. The tissue preparations were stained 


by the Feulgen method (Kiernan, 1981) and a fast green counterstain. In 


erg) 1h 44 ys MAT Gogh AO e ‘ mo neg fa H 

re ee ee 

somm eposighton Mite cliente 

acim apres Wwe Teged Sarak » eras ,stibe squlienie =" i 

ithe f) hw geb @® ,catel® 2 gry banneae ina, lanatime * 7 

we wy o''h, could ie alors ogtnia wt te abuaes © ah) ARE) 
mei, fen ig raw glean tonid bey yout 


Dr = : 
ohm alte agree tne sale agit) | 
(a ss cool guinh wept aul Yamal saubnt 


| r caee » 20) akateer ste en? = 
Py | lf . ) eonent gt teat ta, ahem 
(ipo ed) tee of ye ¢.0) afte al 
din mgr Dye igek bh brie gush 848) 
- di6 3  inGe She Hatem tM aa 
se ont - Son teated? “> (GaGa = e 
ale war carey ay 
seal Seca es Ga Neb Tige ene efeai eT 
a ant (TT ghgrtin therm Si jap sens ww sneer ain 
ery Sarr Yay tae! nhs Me ACO May a as | 
~ dai quree Gis -oneaialen® @) fe 2-5 08 Set tates De 
splagee PeeeetiA 91) ai Seal? =m oan meats + gat pron: 
eye eae =e , a a asin 


_ mr seta . 


_ 


_ 


oe 


185 


the Feulgen reaction, the modified aldehydes in the Schiff reagent 
react with the primary amino groups, which have been liberated from 
the DNA and chromatin by the hydrolyzing action of concentrated hydro- 
chloric acid, to form Schiff bases. The longitudinal columns of the 
crypts were scanned for nuclear aberrations and all forms of nuclear 


damage were scored. 


RESULTS AND DISCUSSION 


Micronuclei arise from chromosomal fragments that are not incor- 
porated into the daughter nuclei at the time of cellular division. 
Chromosome breakage is a lethal event since chromosomal fragments 
usually lack centromeres and remain in the cytoplasm upon cellular 
division. These acentric fragments are incorporated as micronuclei 
that can be detected at interphase and are lost from the daughter 
nuclei upon mitosis. The micronucleus assay detects chromosome aberra- 
tions and chromosomal breakage, tm vivo, in somatic cells that are 
active mitotically. The test can be used to detect chromosome-breakage 
events that are induced by chemicals, either zn vttro (in cells in 
culture) or in vtvo (in animal bone marrow) (Heddle, 1973; Schmid, 
19759 

The micronucleus assay involves the analysis of polychromatic 
erythrocytes because they are the most convenient population of cells 
in the bone marrow in which to study micronuclei. Polychromatic 
erythrocytes are the immediate end-product of a series of cellular 


divisions; they do not divide further and gradually mature into 
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normochromatic erythrocytes. The nucleus is expelled about 8-12 hours 
after the last mitotic division that precedes the formation of an 
erythrocyte, therefore polychromatic erythrocytes do not contain DNA. 
The staining properties of polychromatic erythrocytes are due to the 
presence of ribosomal RNA, which is present for approximately 24 hours 
after the cell is formed. The cells lose this RNA as they mature into 
normochromatic erythrocytes. Giemsa's stain, which utilizes nucleo- 
philic dyes that are taken up readily by micronuclei, is preferred for 
distinguishing between white blood cells, red blood cells, and poly- 
chromatic erythrocytes. A good resolution of the staining characteris- 
tics is essential because the maturation of a polychromatic erythrocyte 
into a normochromatic erythrocyte involves a continual gradation in 
Staining properties. Micronuclei are easy to identify because they 
Stain intensely. 

Polychromatic erythrocytes and mature erythrocytes do not contain 
nuclei because the nuclei are expelled approximately 8-12 hours after 
the formation of the erythrocytes, however, micronuclei remain for 
about 24 hours. This time sequence for the expulsion of nuclei and the 
retention of micronuclei must be taken into account in the bone marrow 
assay so that the treatment and sampling times can be scheduled accord- 
ingly. The reasons for the retention of micronuclei are not known. 
Damaged erythrocytes, such as micronucleated red blood cells, normally 
are not found in the circulation because they are filtered out by the 
Spleen. 

The strains of mice that are used in the bone marrow assay must be 
responsive to the induction of metabolizing enzymes by the administra- 


tion of aromatic hydrocarbons, and the aryl hydrocarbon hydroxylases of 
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the hepatic cytochrome P-450 system can be induced readily in certain 
strains of mice (Kouri and Nebert, 1977). B6C3F1 mice, the Fy genera- 
tion of a cross between inducible parents (?C57BL/6 x o«C3H), are a 
genetically uniform but outcrossed stock (Heddle and Salamone, 1981). 

Drugs can be dissolved in saline, corn oil, ethanol, or DMSO and 
should be administered by the most appropriate route (oral, intraperi- 
toneal, etc.), if possible. Each drug should be tested at the highest 
dose possible to avoid false negatives. The highest dose of pyrvinium 
pamoate that would permit 24 hours of survival after an intraperitoneal 
injection was 0.8 mg/kg. DMSO was used as the solvent because pyrvin- 
ium pamoate is insoluble in saline and corn oil, and only sparingly 
soluble in ethanol. To avoid the toxic and mutagenic effects of DMSO, 
not more than 0.15 ml/20-g mouse should be injected intraperitoneal ly; 
this dose does not result in increases in the control levels of micro- 
nuclei (Heddle and Salamone, 1981). The spontaneous levels of micro- 
nuclei (Table 27) in the untreated mice, the DMSO-treated mice, and the 
untreated and DMSO-treated animals combined (1.6 micronuclei/1000 poly- 
chromatic erythrocytes) are within the range that was expected for the 
negative controls (Heddle and Salamone, 1981). Based on these control 
values, pyrvinium pamoate can be considered to be clastogenic in the 
bone marrow. All three doses of the drug (0.2 mg/kg, 0.4 mg/kg, and 
0.8 mg/kg) induced levels of micronuclei that exceeded the control 
values by at least 2-fold. Peak levels of induction appear to be 
attained at approximately 48 hours after the intraperitoneal injection 
and control levels were reached at 72 hours (Table 27). 

The statistical evaluation of a response as negative or positive 


in the bone marrow assay depends on the experimental design, which 
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includes factors such as the number of mice used, the number and range 
of sampling times, the number of polychromatic erythrocytes scored per 
mouse, the number and range of doses used, and the route of administra- 
tion. In a comparison with the positive controls, 7,12-dimethylbenz- 
[aJanthracene (Heddle and Salamone, 1981) and 1,2-dimethylhydrazine- 
-2HC1, which induced approximately 8-fold increases in the level of 
micronuclei (Table 27), pyrvinium pamoate demonstrated genetic activity 
tn vivo. The methods of euthanasia (cervical dislocation, C02 gas, or 
CO. vapors from dry ice) did not produce visible artefacts or adverse 
effects in the bone marrow assay (Table 27). 

The positive results that were obtained in the bone marrow assay 
Suggest that pyrvinium cations that cross into the blood stream from 
the gastrointestinal tract, after an oral administration of pyrvinium 
pamoate, also could induce chromosomal damage. It is believed that 
pyrvinium pamoate does not cross the barrier between the gastrointesti- 
nal tract and the blood stream (Rollo, 1980), however, it is known that 
monopyrvinium salts can cross this barrier (Hales and Welch, 1953). 

The colons of Sprague-Dawley rats were exposed, tm vitro, to pyrvinium 
pamoate for 15 minutes and the epithelial cells were removed with EDTA; 
fluorescence microscopy showed that these cells had taken up the drug 
(P. Dickie, unpublished data). 

Whether or not pyrvinium pamoate can concentrate in the epithelial 
cells of the gastrointestinal tract, particularly in the crypts of the 
colon where cell division takes place at a high rate, after exposure to 
the drug, in vivo, was not known. The fluorescent properties of pyr- 
vinium pamoate facilitated the tracing of the tissue distribution of 


the drug in the gastrointestinal tract. Pyrvinium pamoate (dissolved 
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in DMSO) was administered to Sprague-Dawley rats by oral intubation, 
the rats were killed with CO. gas 24 hours after the treatment, and 
several gastrointestinal organs (stomach, small intestine, cecum, 
colon, and rectum) were prepared for freeze-dry sectioning. The 
freeze-dried sections were scanned under a fluorescence microscope and 
it was evident that pyrvinium pamoate penetrates into the epithelial 
lining of the stomach and the bottom of the crypts in colon cells 
(Figure 11), but it does not appear to enter the epithelial lining of 
the small intestine (P. Dickie and U.G.G. Hennig, unpublished data). 

The bone marrow micronucleus test detects, rapidly and reproduci- 
bly, the genetic activity of drugs in erythropoietic tissue, with 
chromosome breakage as the genetic endpoint. It is important to detect 
similar responses in other tissues and organs since certain organs and 
cells may be in constant and specific contact with a particular drug. 
For example, pyrvinium pamoate appears to be in constant contact with 
the highly proliferative, epithelial cell population in the lining of 
the colon. 

The colon carcinogen 1,2-dimethylhydrazine*2HCl induces nuclear 
aberrations in the proliferating compartments of the crypts in the 
colonic epithelium, and this damage may be analogous to the induction 
of micronuclei in erythropoietic cells. The nuclear abnormalities 
(expressed as total aberrations/crypt) caused by 1,2-dimethylhydrazine- 
-2HC] reach a maximum value 24 hours after the intraperitoneal injec- 
tion, and then the frequency of aberrations/crypt declines and reaches 
control levels 4 days after the treatment (Wargovich et al., 1983b). 

Values for negative controls, such as DMSO, have been reported to 


be in the range of 0.04 - 0.2 nuclear aberrations/crypt, with an 
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average (mean and standard error) of 0.12 + 0.06 (Wargovich e¢ al., 
1983a). The oral suspensions of pyrvinium pamoate, Vanquin” and Pyr- 
Pam’, elicited an approximately 2-fold increase in the frequency of 
nuclear aberrations/crypt when compared to the DMSO-treated and un- 
treated controls (Table 28). Pyrvinium pamoate (dissolved in DMSO) 
appears to elicit a distinctly positive effect only at the higher dose 
(1.2 mg/kg). This evaluation has been made with the criterion for an 
unequivocal, significant increase in colon damage being a 4-fold 
increase in nuclear aberrations/crypt over the control value (Wargovich 
et al., 1983a). All morphological forms of nuclear damage (i.e., dis- 
integrated nuclei, karyorrhectic nuclei, micronuclei, pyknotic nuclei, 
cytolysosomes, vacuolated bodies, and mitotic figures) were included in 
the assessment of nuclear aberrations. The differences between the 
crypts of the DMSO-treated and the 1,2-dimethylhydrazine-2HCl-treated 
mice are quite evident (Figure 12). 

The colon samples were taken 24 hours after the treatment because 
the colonic nuclear events caused by the positive control, 1,2-dimethy1- 
hydrazine*2HCl, reach a peak at 24 hours (Wargovich et al., 1983b). 

It is possible that the peak level of nuclear lesions that are caused 
by pyrvinium pamoate is not observed at 24 hours, and an indication of 
this is evident in the bone marrow assay, in which 48 hours was 
required to attain peak levels of micronuclei (Table 27). To be cer- 
tain that pyrvinium pamoate causes nuclear aberrations in the colon 
cells, it would be necessary to increase the number and range of the 
doses of the drug, analyze more crypts/mouse, and use a greater number 
and range of sampling times. 


The bone marrow. micronucleus assay is a relatively simple and 
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rapid <n vivo mammalian screening system that can be used in conjunc- 
tion with bacterial and yeast assays to assess the probability of an 
effect of a drug in animals. The intestinal carcinogen 1,2-dimethy]- 
hydrazine:2HCl induces acute, nuclear defects in the cells of the pro- 
liferative compartment of the colonic crypts, and these nuclear aberra- 
tions may be due to chromosome aberrations analogous to those in the 
bone marrow studies. Pyrvinium pamoate, which is a mutagen in bacteria 
and yeast, also induces micronuclei in the bone marrow, and this indi- 
cates that the drug is active genetically in animals. The level of 
damage (nuclear aberrations/crypt) that was caused by pyrvinium pamoate 
in the colon cells is only about 2-fold greater than the control 
values, whereas the increases for 1,2-dimethylhydrazine-2HCl are 
approximately 75-fold. The results of these zn vivo mammalian assays 
suggest that pyrvinium pamoate should be viewed as an anthelmintic drug 


with the potential for genetic activity in the human system. 
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FIGURE 11. 


A longitudinal section of the colon that was excised from 
a Sprague-Dawley rat 24 hours after an oral intubation of 
pyrvinium pamoate (10 mg/0.5 ml DMSO). Top: Transmitted 
light; Bottom: Epifluorescence (N-2 rhodamine filter 
block, with an excitation range of 530-560 nm and a 580-nm 
emission filter). Magnification of 640X. (P. Dickie and 
U.G.G. Hennig, unpublished data). 
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FIGURE 12. A comparison of histological sections that show the colonic 
crypts of vehicle-treated and carcinogen-treated ¢C5/BL 
mice (Feulgen-fast green stain). Top: Section 24 hours 
after an oral intubation of 0.2 ml] of DMSO; Bottom: 
Section 24 hours after an oral intubation of 1,2-dimethyl- 
hydrazine:2HCl (0.12 mg/0.2 ml DMSO, which was equivalent 
to 4.8 mg/kg body weight). Magnification of 640X. 
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The fact that pyrvinium pamoate is mutagenic in bacteria and yeast 
is a matter of concern since many children are exposed to this anthel- 
mintic drug on a daily basis. An examination of the purity, the molec- 
ular action, and the tissue specificity of pyrvinium pamoate was of 
importance in the evaluation of the potentially harmful effects of the 


drug. 


1. Light-catalyzed degradation, which can arise as a consequence of the 
improper storage of the drug, was not responsible for the genetic activ- 
ity that was observed with the USP reference standard and the medical 
grades of pyrvinium pamoate that were tested. In fact, the genetic 
activity of the drug appeared to decrease gradually as a consequence of 


photodegradation. 


2. The monopyrvinium salts, pyrvinium chloride and pyrvinium iodide, 
were more toxic and exhibited stronger genetic activity when they were 
compared to equimolar concentrations of pyrvinium pamoate. The differ- 
ences in solubility, and thus the availability for cellular uptake, 
appears to be an important factor in the variation in the degree of 


genetic activity that was exhibited by the individual pyrvinium salts. 


3. The enhanced genetic activity of certain medical grades of pyrvinium 
pamoate may be due to one or more of the numerous impurities that were 


revealed in the TLC analyses. 


4. The highly mutagenic medical grades of pyrvinium pamoate were 


nearly as active genetically as pyrvinium chloride and pyrvinium iodide. 
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9. The absence of a mutagenic response to monopotassium pamoate 
indicates that the pyrvinium moiety itself is responsible for the 


genetic activity of pyrvinium.pamoate. 


6. Fluorescence high pressure liquid chromatography has revealed the 
existence of a discrepancy between the peak height of pyrvinium and the 
relative quantity of pyrvinium pamoate that had been injected. This 
discrepancy applies to the highly mutagenic medical grades of pyrvinium 
pamoate, and this has been postulated to be due to the presence of mono- 


pyrvinium salts. 


7. An incomplete chemical reaction between a monopyrvinium salt and a 
pamoate salt during the synthesis of pyrvinium pamoate would account for 
the presence of monopyrvinium salts in certain medical grades of pyrvin- 


ium pamoate. 


8. In the bacterium Salmonella typhimurtunm, highly purified pyrvinium 
pamoate is a promutagen that is converted into a mutagen by mammalian 
liver microsomes. The medical grades of pyrvinium pamoate that were 
highly mutagenic in yeast did not require metabolic activation to be 


mutagenic in bacteria. 


9. Pyrvinium pamoate, pyrvinium iodide, and the 6-chloro-analog of 
pyrvinium iodide induced frameshift mutations and transitions in yeast, 
whereas the 6-methyl-analog of pyrvinium iodide induced frameshift muta- 
tions, transitions, and transversions. It is probable that the hydroxy!- 
ation of the methyl-substituent of the 6-methyl-analog results in a muta- 


gen that is as active as pyrvinium jodide itself. 
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10. The pyrvinium moiety may have an additional active site, which could 
be the cationic site at the methylated ring nitrogen. This theory is 
Supported by the diminished, but not abolished, genetic activity of the 


6-chloro-analog of pyrvinium iodide. 


ll. Cytoplasmic, respiratory-deficient variants were induced in Saccharo- 
myces cerevisiae with the pyrvinium salts and the analogs. Pyrvinium 
pamoate was more efficient than pyrvinium iodide and its analogs at 


inducing petites. 


12. Pyrvinium pamoate may be more efficient at inducing petites because 
it is a dipyrvinium salt that has two DNA-binding sites per pyrvinium 
molecule, and this may result in more efficient binding to DNA nicking- 


closing enzymes such as the topoisomerases I and II. 


13. The primary mechanism of anthelmintic action of pyrvinium pamoate 
and ethidium bromide may be the destruction of the mitochondrial DNA of 


helminths. 


14. The elevated levels of micronuclei that were obtained in the bone 
marrow cells of mice after an intraperitoneal injection of pyrvinium 
pamoate suggest that pyrvinium cations that enter the bloodstream from 


the gastrointestinal tract could also induce chromosomal damage. 


15. It is believed that pyrvinium pamoate does not cross the barrier 
between the gastrointestinal tract and the bloodstream (Rollo, 1980), 
however, it is known that monopyrvinium salts can cross this barrier 


(Hales and Welch, 1953). 
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16. Pyrvinium pamoate penetrated into the epithelial lining of the 
crypts in the colon cells of rats (Figure 11), and it induced nuclear 
aberrations in the colon cells of mice (Figure 12). The results of 
these tm vivo mammalian assays suggest that pyrvinium pamoate should be 
viewed as an anthelmintic drug with the potential for genetic activity 


in humans. 


17. The mechanism of anthelmintic action of the piperazine salts and 
pyrantel pamoate is the production of a neuromuscular blockade in the 
parasite, and this effect is also exerted on the host. The piperazine 
Salts and pyrantel pamoate cause side effects that are characterized by 
headaches and dizziness. This is especially critical in individuals 
with renal dysfunction; young children, who are the intended consumers 


of anthelmintic drugs, have compromised kidney function. 


18. Mebendazole and thiabendazole cause severe gastrointestinal side 


effects, and pyrvinium pamoate is mutagenic. 


The consequences of untreated, or inadequately treated, pinworm 
infestations can include the progression of the infestation into the 
bladder and, more commonly, secondary bacterial and/or fungal infections. 
When these potential consequences, as well as the risks and benefits of 
all of the anthelmintic drugs are considered, highly purified pyrvinium 
pamoate, although mutagenic, should not be excluded as an agent in 


oxyuriasis therapy. 
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